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ACRONYMS 

AAC Alaska Administrative Code 
ADEC Alaska Department of Environmental Conservation 
ADOT&PF Alaska Department of Transportation and Public Facilities 
AST aboveground storage tank 
bgs below ground surface  
BIA Bureau of Indian Affairs 
biocell biological treatment cell 
BLM Bureau of Land Management 
BTEX benzene, toluene, ethylbenzene, and xylenes 
CDI Carson Dorn, Inc. 
CERCLA Comprehensive Environmental Response Compensation and Liability Act 
CIRI Cook Inlet Regional Corporation, Inc.  
DRO diesel range organics 
ERL Effects Range-Low 
ERM Effects Range-Median 
GPS global positioning system 
HAVE hot air vapor extraction system 
Institute Wrangell Institute 
mg/kg milligrams per kilogram 
mg/L milligrams per liter 
NOAA National Oceanic and Atmospheric Administration 
PAH polynuclear aromatic hydrocarbon 
PID photoionization detector 
ppm parts per million 
PVC polyvinyl chloride 
RA/TELLUS RA Environmental/Tellus, LTD 
SIM selective ion monitoring 
SLR SLR Alaska 
TAH total aromatic hydrocarbons 
TAqH total aqueous hydrocarbons 
TOC total organic content 
USCS Unified Soil Classification System 
USEPA U.S. Environmental Protection Agency 
USFS U.S. Forest Service 
UST underground storage tank 
VOC volatile organic compound 
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1 EXECUTIVE SUMMARY 

The Alaska Department of Environmental Conservation (ADEC) contracted SLR Alaska (SLR) 
to conduct soil, surface water, and groundwater sampling at the Wrangell Institute (Institute) in 
Wrangell, Alaska. This report summarizes the historical land use and site assessments, the recent 
site assessment, and recommendations for future remedial and disposal actions. 

The subsurface soil investigation focused on areas with hydrocarbon-impacted soil known to 
exceed ADEC cleanup levels as specified in Title 18, Chapter 75, Section 341 of the Alaska 
Administrative Code (18 AAC 75.341). These areas include former locations of underground 
storage tanks (UST) and the interconnecting underground pipeline system. Hydrocarbon-
impacted subsurface soil was observed in five principal areas within, or immediately outside, the 
Institute property. These plumes encompass an estimated 5,880 cubic yards of soil exceeding the 
ADEC Method 2 cleanup level for diesel range organics (DRO). The range of DRO 
concentrations in soil samples from the identified soil plumes are 230 milligrams per kilogram 
(mg/kg) to 150,000 mg/kg.  Portions of the impacted soil plumes are within land tentatively 
designated wetlands, although this status is subject to U.S. Army Corps of Engineers review 
(Walsh Planning and Development Services, 2003). 

Groundwater was sampled in ten newly constructed monitoring wells and two existing water 
supply wells. DRO concentrations in samples from two on-property monitoring wells exceeded 
18 AAC 75.345, Table C cleanup levels. In addition, groundwater sample results from five on-
property monitoring wells exceeded ADEC polynuclear aromatic hydrocarbon (PAH) cleanup 
levels. 

Surface water and sediment samples were collected at ten locations around the Institute 
perimeter. Two surface water sample results exceeded ADEC cleanup levels for benzo(a)pyrene. 
Four sediment sample results exceeded the ADEC Method 2 DRO cleanup level. All the 
sediment samples with concentrations exceeding the DRO cleanup levels were collected adjacent 
to or downgradient of the 3-inch supply pipeline.  The sample with the highest DRO 
concentration, SED-4, also exceeded the ERM for 2-Methylnaphthalene. 

In addition to the estimated 5,880 cubic yards of in-place soil exceeding the DRO cleanup level, 
there is a total of approximately 2,050 cubic yards of soil stored in two stockpiles that require 
treatment and/or disposal. A total of 21 soil samples have been taken from these stockpiles and 
analyzed for DRO. The DRO concentrations found in stockpile soil samples range from 310 
mg/kg to 5,300 mg/kg. A total of eight soil samples from the stockpiles were analyzed for 
BTEX. One sample, from the Carson Dorn, Inc. (CDI) stockpile, exceeded the ADEC Method 2 
cleanup level for benzene (CDI, 2003; RA Environmental/Tellus, LTD [RA/TELLUS] 1999). 

Analysis indicates that the remediation options that would best be applied to this site are off-site 
disposal or treatment, followed by thermal treatment, roadbed encapsulation, biological 
treatment in a biocell, and finally, biological treatment by landfarming. 
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2 INTRODUCTION 

The Institute is located on Wrangell Island in southeast Alaska (Figure 1). The Institute is located 
approximately five miles south of downtown Wrangell, via Zimovia Highway, adjacent to 
Shoemaker Bay (Figure 2). 

2.1 Purpose 

The ADEC contracted SLR to conduct soil, surface water, and groundwater sampling at the 
Institute in Wrangell, Alaska. This report summarizes historical land use and site assessments, 
recent site assessment, and recommendations for future remedial and disposal actions. 

2.2 Objectives 

The objectives of the site assessment were to: 

• Determine the volume and concentrations of contaminated soil that remains on-site and 
evaluate whether ADEC Method 3 alternative soil cleanup levels are appropriate based 
upon the migration to groundwater pathway. 

• Determine if groundwater contamination exists at levels exceeding the 18 AAC 75.345, 
Table C values and if the contaminated groundwater is migrating to marine sediment 
and surface water. 

• Determine if contamination exists in the sediment and surface water of nearby streams 
or springs. 

• Evaluate and estimate the costs for several treatment disposal options for up to 2,050 
cubic yards of diesel-contaminated soil stockpiled on City-owned land (Figures 1 and 
2). 
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3 BACKGROUND 

An overview of historical land use, site activities, regional and local geology, and regulatory 
criteria are summarized in this section. 

3.1 Land Use Overview 

In 1932, the Bureau of Indian Affairs (BIA) constructed the Institute on a 12-acre parcel to serve 
as a boarding school for Native Alaskan children from around the state until 1975. The BIA 
managed the facility until it was transferred to the Bureau of Land Management (BLM) in April 
1978. Seven months later BLM conveyed the property to Cook Inlet Regional Corporation, Inc. 
(CIRI). During the same period, approximately 1977-1980, the U.S. Forest Service (USFS) 
operated and maintained the buildings in conjunction with the Young Adult Conservation Corps. 
In 1995, ownership of the property was transferred to the City of Wrangell (CDI, 2003).  

During the Institute’s operations, a 2-inch pipeline distributed heating oil from a pair of 20,000-
gallon aboveground storage tanks (ASTs) to nine tanks (seven USTs and two ASTs) adjacent to 
the buildings. The 20,000-gallon ASTs, located at the upper southeast corner of the property, 
were supplied by a 3-inch pipeline that extended approximately 500 feet along the southern 
boundary of the property. All heating oil used at the property was likely No. 2 diesel. Although 
bunker fuel was commonly used as heating fuel in federal facilities during the 1940s, no 
evidence exists that it was used at this site. In addition, a UST located on the north end of the 
property stored gasoline and was used for vehicle fueling (CDI, 2003).  

Figure 3 shows the former Institute property including locations of structures as they existed 
prior to their demolition in 2001. Additionally, the figure shows the former locations of tanks 
and the associated piping. 

3.2 Historical Site Assessment and Activities 

In 1999, all 12 fuel storage tanks were removed from the Institute property by RA/TELLUS 
under contract with the City of Wrangell (RA/TELLUS, 1999). A detailed summary of the 
locations, dimensions, and investigation results of fuel storage tanks is presented in Table 1. The 
tanks included 11 heating oil tanks and 1 gasoline tank as follows (see Figure 3): 

• Two heating oil ASTs with capacities of 400 gallons (Tank 1) and 275 gallons (Tank 4) 
connected by pipeline to the primary ASTs 

• One stand-alone gasoline UST which had a capacity of 1,200 gallons and was used for 
vehicle fueling (Tank 2)  
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• Seven heating oil USTs, of which six had a capacity of 600 gallons (Tanks 3, 5, 6, 7, 9, 
and 10) and one had a capacity of 1,200 gallons (Tank 8) connected by pipeline to the 
primary ASTs 

• Two primary heating oil ASTs, each with a 20,000-gallon capacity (Tanks 11 and 12) 

In addition to the tank removal work, RA/TELLUS performed limited site characterization, soil 
sampling, and contaminated soil removal activities. The results presented in a report 
(RA/TELLUS, 1999) documented no contamination at three (Tanks 2, 11, and 12) of the twelve 
sites, including the underground gasoline tank. However, contamination was found at the other 
nine underground heating oil tank sites. Cleanup at three of the nine contaminated sites, the 400-
gallon AST at Building 218 (Tank 1), the 600-gallon UST at Building 204 (Tank 3), and the 275-
gallon AST at Building 221 (Tank 4), successfully achieved soil cleanup levels. When the 
RA/TELLUS work was completed, a total of six sites (Tanks 5 – 10) were documented to have 
contamination remaining above ADEC cleanup criteria. Approximately 750 cubic yards that had 
been excavated were stockpiled at a municipal-owned rock quarry (RA/TELLUS, 1999).  

In 2001, CDI performed site assessment, stockpile sampling, building demolition, and soil 
removal at the site. All structures and foundations were removed. Although some of the pipeline 
was removed, much of the pipeline remains on site. The most significant portion of remaining 
pipeline is the 3-inch supply pipeline extending approximately 500 feet along the southern 
boundary of the property. In addition, portions of the site were leveled and partially graded. 
Approximately 1,300 cubic yards of diesel-contaminated soil was removed from five areas on 
the site and stored in a stockpile at a site near the Institute (Figure 2). CDI concluded that diesel 
contaminated soil remained widespread across the property. CDI estimated that a minimum of 
7,100 cubic yards of diesel-contaminated soil remained in place, and DRO was detected in soil 
samples at concentrations ranging from 550 mg/kg to 25,000 mg/kg (CDI, 2003). 

3.3 Regional and Local Geology 

The bedrock in the vicinity of the Institute consists of Cretaceous sedimentary and intrusive 
rocks. The sedimentary rocks include marine greywacke and mudstone, subordinate 
conglomerate, andesitic to basaltic volcanic rocks, minor limestone, and regionally 
metamorphosed versions of these strata. The intrusive rocks include granodiorite and tonalite of 
Paleocene or Cretaceous age (Gehrels and Berg, 1992). 

The principal surficial materials in the area are generally alluvial deposits consisting of stratified 
silt, sand, and gravel (Hogan, 1995). The soils that develop on the well-drained surficial 
materials are characterized by an organic-rich layer approximately 0.5 foot thick. Groundwater is 
reported to be between 3 and 11 feet below ground surface (bgs), and is shallower on the 
southern side of the property (CDI, 2003). 
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3.4 Regional and Local Climate 

Wrangell has a maritime climate characterized by cool, wet summers and relatively mild winters. 
The mean annual precipitation at the Wrangell Airport is 81.5 inches and the mean annual 
snowfall is 62.4 inches (Leslie, 1989). 

3.5 Regulatory Criteria 

The applicable surface water, groundwater, and soil regulatory criteria are discussed as follows. 

3.5.1 Soil Cleanup Levels 

The regulatory criteria applicable to soils at the site are the ADEC Method 2 cleanup levels for 
the over 40-inch zone, as specified in 18 AAC 75.341, Table B1. These cleanup level 
concentrations for petroleum hydrocarbon constituents found in soil at the Institute consist of the 
following: 

•DRO 230 mg/kg Migration to groundwater 
•Benzene 0.02 mg/kg Migration to groundwater 
•Toluene 4.8 mg/kg Migration to groundwater 
•Ethylbenzene 5 mg/kg Migration to groundwater 
•Xylenes 69 mg/kg Migration to groundwater 
•Acenaphthene 190 mg/kg Migration to groundwater 
•Anthracene 3,900 mg/kg Migration to groundwater 
•Benzo(a)anthracene 5.5 mg/kg Migration to groundwater 
•Benzo(a)pyrene 0.9 mg/kg Ingestion 
•Chrysene 550 mg/kg Migration to groundwater 
•Fluoranthene 1,900 mg/kg Migration to groundwater 
•Fluorene 240 mg/kg Migration to groundwater 
•Naphthalene 19 mg/kg Migration to groundwater 
•Pyrene 1,400 mg/kg Migration to groundwater 

 

In addition to the tabulated Method 2 cleanup levels, soil cleanup levels are required to be 
protective of surface water quality standards and cleanup levels. 

3.5.2 Surface and Groundwater Criteria 

ADEC water quality criteria, as specified by 18 AAC 70, prescribes water quality standards 
applicable to this site. Fresh water (nonmarine surface water) is protected under three 
classifications: 1) water supply; 2) water recreation and growth; and 3) propagation of fish, 
shellfish, and other aquatic life and wildlife. The fresh water use with the most restrictive water 
quality criteria for petroleum hydrocarbons, oils, and grease is propagation of fish, shellfish, and 
other aquatic life and wildlife. The threshold concentrations of petroleum hydrocarbons for this 
use class include the following: 
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•Total aqueous hydrocarbons (TaqH) 0.015 milligrams per liter (mg/L) 
•Total aromatic hydrocarbons (TAH) 0.010 mg/L 
•Benzene 0.005 mg/L 

 

ADEC groundwater and surface water cleanup levels, as specified in 18 AAC 75.345, Table C, 
are applicable to this site. The groundwater cleanup levels for applicable compounds found 
present in soil at the Wrangell Institute are as follows: 

•DRO 1.5 mg/L 
•Benzene 0.005 mg/L 
•Toluene 1.0 mg/L 
•Ethylbenzene 0.7 mg/L 
•Xylenes 10.0 mg/L 
•Acenaphthene 2.2 mg/L 
•Acenaphthylene 2.2 mg/L 
•Anthracene 11.0 mg/L 
•Benzo(b)fluorine 0.001 mg/L 
•Benzo(k)fluorine 0.01 mg/L 
•Fluorene 1.46 mg/L 
•Indeno(1,2,3-cd)pyrene 0.001 mg/L 
•Naphthalene 0.7 mg/L 
•Pyrene 1.1 mg/L 

 
In accordance with ADEC Division of Spill Prevention and Response regulations (ADEC, 2001), 
alternate cleanup levels must be protective of water quality standards. 

3.5.3 Sediment Guidelines 

The National Oceanic and Atmospheric Administration (NOAA) developed numerical sediment 
guidelines as informal, interpretative tools for the National Status and Trends Program.  
Although the guidelines are not intended as cleanup or remediation targets, they are used in 
interpreting chemical data from analysis of sediments (NOAA, 1999).   

Data from freshwater and saltwater sediment analyses were arranged in order of ascending 
concentrations.  Study endpoints in which adverse effects were reported were identified.  From 
the ascending tables, the 10th percentile was identified as the “Effects Range-Low” (ERL) and 
the 50th percentile was identified as the “Effects Range-Median” (ERM) for each analyte.  The 
ERL is indicative of concentrations below which adverse effects rarely occur.  The ERM is 
indicative of concentrations below which adverse effects frequently occur (NOAA, 1999). 
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The ERL and ERM for hydrocarbon compounds detected at the Institute are presented below  
(dry weight basis). 

•2-Methylnaphthalene 0.070 mg/kg 0.670 mg/kg 
• Benzo(a)anthracene 0.261 mg/kg 1.6 mg/kg 
•Chrysene 0.384 mg/kg 2.8 mg/kg 
•Fluoranthene 0.6 mg/kg 5.1 mg/kg 
•Fluorene 0.019 mg/kg 0.540 mg/kg 
•Naphthalene 0.160 mg/kg 2,1 mg/kg 
•Pyrene 0.665 mg/kg 2.6 mg/kg 
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4 ENVIRONMENTAL SITE ASSESSMENT ACTIVITIES 

SLR Alaska staff performed field investigation to determine the following site conditions:  

• soil subsurface conditions 

• groundwater quality 

• surface water quality 

• surface sediment quality 

4.1 Analytical Methods 

Based on field screening results, soil samples were submitted for laboratory analysis. The 
samples were analyzed for one or more of the following: 

• Benzene, toluene, ethylbenzene, and xylenes (BTEX) using U.S. Environmental 
Protection Agency (USEPA) Method 8021B 

• DRO using Alaska Method 102 

• ADEC-priority PAH compounds using USEPA Method 8270 with selective ion 
monitoring (SIM) 

• Total organic carbon (TOC) using USEPA Method 9060 

• PetroFlag turbidimetric screening method using USEPA Method 9074 

SLR collected soil samples to be analyzed for PAH compounds from as many unique source 
locations as possible (for example, the 3-inch pipeline, 2-inch pipeline, and several UST 
locations). In addition, soil samples analyzed for TOC content were collected from 
uncontaminated soil representative of sediments in the area. 

Groundwater samples were sent for laboratory analysis for one or more of the following 
compounds: 

• BTEX using USEPA Method 8021B 

• DRO using Alaska Method 102 

• PAH using USEPA Method 610 
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Surface water samples were sent for laboratory analysis for the following compounds: 

• TAH using USEPA Method 602 

• TAqH using USEPA Method 602 and 610 

Surface sediment samples collected at the same location as surface water samples were sent for 
laboratory analysis of the following compounds: 

• BTEX using USEPA Method 8021B 

• DRO using Alaska Method 102 

• ADEC-priority PAH components using USEPA Method 8270 SIM  

Field duplicate samples were collected at a frequency of 10 percent of the total number of 
samples collected. Trip blanks for each of the groundwater sampling parameters accompanied 
the shipment of containers to and from the site and were analyzed with the groundwater samples. 
Laboratory analytical reports and quality assurance reviews prepared by an SLR chemist are 
presented in Appendix A. 

Twelve samples were analyzed by both Alaska Method 102 and the PetroFlag turbidimetric 
screening method using USEPA Method 9074 (Table 2).  The screening method results were 
observed to be higher than the laboratory methods in all but one of the samples.   

4.2 Field Investigation Methods 

The investigation methodology implemented for subsurface soil, groundwater, surface water, and 
sediment sampling are presented below. The former locations of the building footprints and other 
baseline data provided by CDI were uploaded to a Trimble model Pathfinder Pro XR® global 
positioning system (GPS) receiver. In addition, all new sample locations and new baseline data 
were recorded with the GPS receiver.  

Photographs taken during the site investigation are presented in Appendix B. 

4.2.1 Subsurface Soil Investigation 

Test pits were excavated with a Hitachi® EX160LC backhoe. The test pits were advanced to 
groundwater. Test pit soil lithology, distribution of visible soil contamination in the test pits, 
locations and times of all samples collected, and other pertinent information, were recorded by 
SLR personnel. Soil texture descriptions were completed in accordance with the Unified Soil 
Classification System (USCS). Soil lithology from all test pits is presented in Appendix C. Upon 
completion of sampling, the test pits were backfilled with the excavated soil. 

The soil was field screened using two methods. Headspace samples were collected and screened 
for volatile organic compounds (VOCs) using a photoionization detector (PID). Prior to use, the 
PID was calibrated with 100 parts per million (ppm) isobutylene gas. Representative soil samples 
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were sealed in a Ziploc® bag, heated for approximately 10 minutes, and sampled by inserting the 
tip of the PID into the Ziploc® bag. The PetroFlag turbidimetric screening method (USEPA 
Method 9074) was also used to provide immediate soil quality data. Observational and field 
screening data was used to determine the locations of analytical samples. 

Test pit subsurface soil sample nomenclature was assigned as follows: Each test pit location was 
named with a ‘TP‘ followed by a site letter designation; each sample depth was designated by a 
hyphenated suffix. For example, sample ‘TP-HH-2’ was collected at site TP-HH from a depth of 
2 feet bgs.  

The 3-inch supply pipeline area was investigated by sampling soil at the connector joints 
between the pipeline segments. Due to the restricted access, the soil was excavated by hand 
auger. Each pipe joint sample location was labeled with the prefix ‘PJ‘ and was assigned a 
number. For example, sample ‘PJ-6-0.5’ was collected at pipe joint #6 at a depth of 0.5 feet. 

4.2.2 Groundwater Investigation 

SLR installed eight groundwater monitoring wells on the Institute property and two 
downgradient of the property. Monitoring wells were constructed using preconstructed well 
screens set into backhoe pits. The prepacked wells consisted of a 2-inch-diameter, schedule 40 
polyvinyl chloride (PVC) screen with 0.010-inch factory cut slots and casing placed inside a 
4-inch diameter PVC screen with 0.010-inch factory cut slots and casing. The 2-inch and 4-inch 
screens were capped on the bottom. A filter pack consisting of #16-30 silica sand was placed in 
the space between the 2- and 4-inch screens to a height of approximately 0.5 foot above the top 
of the screened interval. The wells were then placed in the excavation and native material was 
backfilled around the well to a depth of 0.5 foot above the top of the screened interval. A 
0.5-foot-thick bentonite pellet seal was placed above the filter pack and hydrated. The remaining 
exterior annular space in the excavation was backfilled with #16-30 silica sand.  All field notes 
and well completion information is presented in Appendix D. 

The ten newly constructed monitoring wells were developed and sampled in accordance with 
ADEC (00000, 2002) guidance. Two existing water supply wells located on the Institute 
property were also sampled. Prior to sampling, SLR geologists measured the depth to water, 
checked for the presence of free-phase hydrocarbons, and purged at least three casing volumes 
from each well using a new disposable polyethylene bailer. Field measurements of temperature, 
pH, and specific conductivity were recorded on SLR Well Sampling Calculation and Record 
Sheets during the removal of the purge water. The field measurements for samples are included 
as Appendix E. 

4.2.3 Surface Water and Sediment Investigation 

A surface water spring/seep survey was conducted in the areas downslope from petroleum-
impacted soils. Surface water samples were collected from springs/seeps and corrugated metal 
pipe outlets located at the margins of the Institute property.  
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Sediment samples were collected at all surface water sample locations. The sediments were 
scooped with individual stainless steel spoons, homogenized in stainless steel bowls, and placed 
in the appropriate laboratory containers. 

4.3 Site Characterization  

All surveying, sample collection, test pit excavations, and monitoring well installations were 
conducted from October 29 to November 11, 2003. Observational, screening, and analytical data 
for subsurface soil, groundwater, surface water, and sediments are presented below.  

4.3.1 Subsurface Soil Conditions 

The subsurface soil investigation focused on areas with hydrocarbon-impacted soil known to 
exceed ADEC Method 2 cleanup levels. These areas included former UST, AST, and test pit 
locations from prior investigations (CDI, 2003; RA/TELLUS, 1999).  

Hydrocarbon-impacted subsurface soil plumes were observed in five principal areas (Figure 4). 
These areas are characterized by estimated volumes greater than ten cubic yards of hydrocarbon-
impacted subsurface soil exceeding the ADEC Method 2 DRO cleanup level. The areas are as 
follows:  

• The former 3-inch diameter supply pipeline 

• The former location of the primary 20,000-gallon capacity ASTs 

• Buildings 202, 301, and Institute Avenue 

• Buildings 201 and 210 

• The intersection of Massin Avenue and Bay View Street   

Additionally, there were four investigated areas with minimal extents of hydrocarbon-impacted 
soils. These areas are estimated to contain less than 10 cubic yards of soil above the ADEC 
Method 2 DRO cleanup level. These areas are as follows:  

• The Intersection of Institute Avenue and Zimovia Highway 

• Building 205 

• Building 209 

• Building 211 
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4.3.1.1 3-inch Diameter Supply Pipeline 

The 3-inch diameter supply pipeline is located along the southern boundary of the property. The 
pipeline was observed on the ground surface and down to a depth of 6 inches. Approximately 
one-third of the pipeline is within the property; the remaining portion is located outside the fence 
and property boundary. The pipeline is comprised of 21-foot-long threaded segments of 3-inch-
diameter steel pipe.  

Subsurface soil samples were collected at 17 locations along the pipeline (Figure 3). Each 
sample was collected at a pipe joint junction. Because of the limited access and wetland status of 
the area off-property, the soil samples were collected by hand auger. Samples were analyzed by 
field screening and laboratory methods. Results are presented in Table 2.  

The soil underlying the supply pipeline is predominantly silt and organic material (tundra mat). 
Sand and gravel underlies the silt at approximately 2 feet bgs. Hydrocarbon-impacted subsurface 
soil was observed at three areas along the supply pipeline (PJ-4 through PJ-6, PJ-11, and PJ-15 
through PJ-17). Analytical samples collected from each of the areas had concentrations above 
ADEC cleanup levels (samples PJ-4-1.5, PJ-6-0.5, PJ-11-1.5, and PJ-15-0.5). The DRO 
concentrations exceeding the ADEC cleanup level in this area ranged from 1,400 mg/kg to 
150,000 mg/kg.  

The spatial extent of the contaminated soil is scattered, making volume estimates difficult; 
however, the estimated volume of in-place soil exceeding the ADEC DRO cleanup level is 180 
cubic yards. This volume estimate includes three separate plumes with areas of 1,500, 290, and 
1,400 square feet each (Figure 4) with an estimated thickness of 1.5 feet for each plume.  Most of 
the impacted soil adjacent to the supply pipeline is within land tentatively designated wetlands, 
although this status is subject to U.S. Army Corps of Engineers review (Walsh Planning and 
Development Services, 2003). 

Segments of the 3-inch supply pipeline are stacked at the eastern end of the line, near the former 
location of the primary 20,000-gallon ASTs. In addition, a drum is also located near PJ-12.  

4.3.1.2 Former Location of the Primary 20,000-Gallon ASTs 

The former location of the two primary 20,000-gallon ASTs is the southeastern corner of the 
Institute. The area is elevated approximately 6 feet above the natural grade. Hydrocarbon-
impacted soil was observed on the surface and down to 3 feet bgs in the saturated silt-sand-
gravel subsurface soil. Three analytical samples (TP-HH-2, TP-PP-1, and TP-DUP-4) averaged 
4,666 mg/kg (Table 2).  

The lateral extent of hydrocarbon-impacted soil is unknown along the south and southeastern 
boundary (Figure 4).  This area has been tentatively designated wetlands, although the status is 
subject to U.S. Army Corps of Engineers review (Walsh Planning and Development Services, 
2003).  The northern extent of the hydrocarbon plume is limited by the sharp break in slope. The 
vertical extent is limited by the stiff, blue silt that underlies the gravel and effectively acts as an 
aquaclude, preventing the downward flow of groundwater (and petroleum hydrocarbons).  
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The volume of soil with hydrocarbon concentrations exceeding the ADEC Method 2 DRO 
cleanup level is estimated to be approximately 900 cubic yards (Figure 4). This volume estimate 
assumes a plume footprint with an area of 8,200 square feet and an average thickness of 3 feet.  

4.3.1.3 Buildings 202, 301, and Institute Avenue 

In 2001, approximately 200 cubic yards of hydrocarbon-impacted soil was removed from 
beneath Institute Avenue and 195 cubic yards was removed from beneath Building 202 (Girls 
Dormitory) (CDI, 2003). Confirmation samples from these two excavations indicated that 
hydrocarbon contamination could extend from the north side of Institute Avenue to Building 
202. In addition, approximately 25 cubic yards of shallow, hydrocarbon-impacted soil was 
reported immediately south of Institute Avenue, near Building 301 (Hospital) (CDI, 2003). 

During the current field effort, approximately 15 test pits were excavated near Buildings 202, 
301, and Institute Avenue. Hydrocarbon contamination was observed in subsurface soils from 
the west side of Building 301 to the east side of the Building 202 and down to near the maple 
tree. The three highest DRO concentrations (TP-EE-3, TP-FF-6, and TP-T-1) averaged 1,933 
mg/kg (Table 2). The lateral extent of the soil plume is presented in Figure 4. The vertical extent 
is limited by the stiff, blue silt, which was observed between 4 and 7 feet bgs in the area. Depth 
to groundwater was observed at the same interval of 4 to 7 feet bgs.  

The in-place volume of soil with hydrocarbon concentrations exceeding the ADEC Method 2 
DRO cleanup level is estimated to be approximately 3,000 cubic yards (Figure 4). This volume 
estimate assumes a plume footprint of 18,500 square feet and a thickness ranging from 2 feet to 7 
feet. 

4.3.1.4 Buildings 201 and 210 

Buildings 201 (Main School) and 210 (Dining Hall) were located in the middle of the Institute 
property on Bay View Street. In 1999, a total of approximately 259 cubic yards of soil was 
removed from the UST locations (Tanks 7 and 8) (RA/TELLUS, 1999). In 2001, an additional 
20 cubic yards of contaminated soil was removed from the former UST location at Building 210 
(Tank 8). Confirmation samples indicated that hydrocarbon-impacted soil extended westward 
from the excavation for an unknown distance downgradient of Building 210, toward Shoemaker 
Bay (CDI, 2003). 

In November 2003, approximately 12 test pits were excavated near the former locations of 
Buildings 201 and 210 (Figure 3). Hydrocarbon-impacted subsurface soil was observed in test 
pits at two former UST locations, Building 210 (TP-QQ) and Building 201 (TP-II), and 
extending approximately 150 feet downslope to TP-QQ. The two soil samples with the highest 
DRO concentrations were TP-I-8 (2,800 mg/kg) and TP-P-6 (6,300 mg/kg). The maximum 
vertical extent of the hydrocarbon contamination was observed at location TP-I, where impacted 
soils extended from 2 feet to 8 feet bgs. Excavation of the test pit was halted at 8 feet bgs, where 
groundwater was encountered.  

The in-place volume of soil with hydrocarbon concentrations exceeding the ADEC Method 2 
DRO cleanup level is estimated to be approximately 1,400 cubic yards (Figure 4). This volume 
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estimate assumes a plume footprint with an area of 7,600 square feet and an average thickness of 
5 feet. The groundwater samples collected in this area also exceeded ADEC cleanup levels (refer 
to Section 4.3.2).  

4.3.1.5 Intersection of Massin Avenue and Bay View Street 

In 2001, CDI removed approximately 700 cubic yards of contaminated soil between Building 
205 and the intersection of Bay View Street and Massin Avenue. Analysis of confirmation 
sample results indicated that a 3-way pipeline junction located immediately north-northwest of 
the intersection was the probable cause of hydrocarbon contamination (CDI, 2003). 

In 2003, thirteen samples were collected near the 3-way pipeline junction at the intersection of 
Bay View Street and Massin Avenue. At portions of test pits TP-D and TP-G, hydrocarbon-
impacted soil extends continuously from the surface to 3 feet bgs and discontinuously from 3 
feet to 7 feet bgs. Sample results are presented in Table 2. The soil is a well-graded silt-sand-
gravel mixture (USCS classification GW). Maximum depth to groundwater is 2 feet bgs, and is 
characterized by near-artesian or near-spring conditions.  

The in-place volume of soil with hydrocarbon concentrations exceeding the ADEC Method 2 
DRO cleanup level is estimated to be approximately 400 cubic yards (Figure 4). This volume 
estimate assumes a plume footprint of 2,100 square feet and an average thickness of 5 feet. Due 
to the shallowness of the groundwater in the area, vertical extent of hydrocarbon contamination 
of subsurface soil is difficult to assess. 

4.3.1.6 Building 205 

In 2001, approximately 700 cubic yards of contaminated soil was removed from Building 205 
and the area immediately uphill. Three of nineteen confirmation samples contained DRO 
concentrations exceeding the ADEC Method 2 DRO cleanup level. One of the samples was 
reportedly mixed with other material during the foundation removal in September 2001. Another 
sample, and its duplicate, was associated with a thin (approximately 3-inch) layer of 
contamination. CDI concluded that the hydrocarbon-impacted soil remaining in-place at 
Building 205 would be difficult to locate and estimated the volume of in-place contaminated soil 
to be 10 cubic yards (CDI, 2003).  

In 2003, test pits were excavated at three locations near the former footprint of Building 205: 
directly below the footprint (TP-B), downgradient of the footprint (TP-C), and upgradient of the 
footprint (TP-E). No obvious hydrocarbon staining or odor was observed in the subsurface soil at 
the three test pits; however, a sheen was observed in groundwater at the bottom of TP-B, below 
an exposed concrete pad. Samples were collected adjacent to the pad (TP-B-3), underneath the 
concrete pad (TP-B-7), and downgradient of the pad (TP-C-3 and TP-C-11). Sample results are 
presented in Table 2. The analytical results from samples near Building 205 were below ADEC 
cleanup levels and the highest PetroFlag result was 517 ppm. This data suggests that there is 
minimal subsurface soil contamination near Building 205. 
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4.3.1.7 Building 211 

In 1999, RA/TELLUS removed the UST and approximately 49 cubic yards of contaminated soil 
at Building 211, the Principal’s Residence. Two confirmation samples collected below the tank 
contained concentrations exceeding the ADEC Method 2 DRO cleanup level (RA/TELLUS, 
1999).  

During the current investigation, a test pit (TP-A) was excavated under the former location of the 
UST at Building 211. Soil samples were collected from three depth intervals. Sample results are 
presented in Table 2. Field observations and analytical data indicate that the subsurface soil 
nearest groundwater (9-10 feet bgs) exceeds ADEC cleanup levels. The soil/backfilled material 
above this zone is not impacted with hydrocarbons. Consequently, the in-place volume of  
hydrocarbon-impacted subsurface soil at the former location of Building 211 is estimated at less 
than 10 cubic yards.  

4.3.1.8 Building 209 

In 1999, RA/TELLUS removed the UST and approximately 42 cubic yards of contaminated soil 
at the former location of Building 209, the South Staff Residence (RA/TELLUS, 1999). In 2001, 
hydrocarbon-impacted soil was observed near the center of the building footprint. An additional 
60 cubic yards was removed from the area. Two confirmation samples were below ADEC 
Method 2 cleanup levels (CDI, 2003).  

In 2003, a trench was excavated at the center of the former footprint of Building 209. Two 
samples  (TP-DD-4 and TP-DD-5) were collected; the sample results were below ADEC cleanup 
levels (Table 2).  Consequently, field observations and sample data indicate that the former 
location of Building 209 does not contain hydrocarbon-impacted soil above ADEC method 2 
cleanup levels. 

4.3.1.9 Intersection of Zimovia Highway and Institute Avenue 

In 2001, test pits indicated that the coarse roadbed material underneath Institute Avenue provided 
a preferential pathway for hydrocarbon contamination and migration (CDI, 2003). 
Approximately 200 cubic yards of contaminated soil was removed from the roadbed. Five 
confirmation samples were collected. One sample, collected at 3 feet bgs near the intersection of 
the fence and the roadbed, exceeded ADEC cleanup levels (CDI, 2003).  

In 2003, two trenches were excavated on each side of the Institute Avenue roadbed immediately 
outside the fence. The excavations were in native soil. No hydrocarbon-impacted soil was 
observed. Two samples collected from the test pits (TP-Z-5 and TP-AA-5) did not contain 
detectable concentrations of DRO (Table 2). This data suggests that potential impacted 
subsurface soil at this site is limited in aerial extent and is located within the Institute Avenue 
roadbed.  
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4.3.2 Groundwater Quality 

The groundwater monitoring well locations, as shown on Figure 3, are as follows:  

• Seven wells (MW-3, MW-4, MW-5, MW-6, MW-8,  MW-9, and MW-10)  were sited 
downgradient of known source areas, with two of these wells off-property between the 
Zimovia Highway and Shoemaker Bay. 

• Two wells (MW-1 and MW-2) were installed adjacent to Institute Creek; one of these 
also monitors for potential groundwater impacts from the gasoline UST (Tank 2) 
historically located adjacent to the creek. 

• One off-property monitoring well (MW-7) was installed at the presumed historical fuel 
off-loading area at the west terminus of the 3-inch fuel line on the south side of the 
property. 

Upon completion of installation and development of the groundwater monitoring wells, 
groundwater samples were collected from new monitoring wells and the two water supply wells 
on site. Sample results are presented in Table 3. 

DRO was detected in groundwater samples from five monitoring wells (MW-2, MW-4, MW-5, 
MW-6, and MW-7); however, samples from only two wells (MW-4 and MW-5) contained 
concentrations exceeding the ADEC cleanup levels (Table C, 18 AAC 75) and water quality 
criteria (18 AAC 70). The hydrocarbon-impacted groundwater at MW-4 and MW-5 most likely 
reflects an area of contiguous groundwater contamination, as illustrated on Figure 5. The plume 
may extend approximately 270 feet down slope to the northwest, where hydrocarbon-impacted, 
water-saturated soil was observed at 10 feet bgs. Soil sampled from that location (TP-A-9 and 
TP-A-10) contained values at (or above) the ADEC Method 2 DRO cleanup level.  

Groundwater samples from five monitoring wells (MW-2, MW-3, MW-4, MW-5, and MW-6) 
exceeded ADEC cleanup levels (Table C, 18 AAC 75) for one or more PAH constituents, 
benzo(b)fluoranthene, and indeno(1,2,3-cd)pyrene. 

Hydrocarbon constituents were not detected in samples from the water supply wells, which both 
exhibited confined/artesian conditions. The total depth of these wells is reportedly greater than 
100 feet (Caldwell, 2003). 

4.3.3 Surface Water Quality 

A surface water spring/seep survey was conducted in the areas downslope from petroleum-
impacted soils. Ten surface water samples (plus two duplicates) were collected. The sample 
locations were as follows (Figure 3): 

• One on-property location near an area with known hydrocarbon-impacted soils (SW-1) 

• Six off-property locations downgradient of areas with known hydrocarbon-contaminated 
soil (SW-2, SW-4, SW-5, SW-7, SW-8, and SW-10) 
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• Three locations along Institute Creek: two outfalls from the Institute (SW-3 and SW-6) 
and one creek outlet to Shoemaker Bay (SW-9) 

Concentrations of hydrocarbons in surface water samples are presented in Table 3. At two 
locations, SW-1 and SW-5, benzo(b)fluoranthene was detected at concentrations exceeding the 
surface water cleanup level. Other surface water results did not exceed ADEC surface water 
cleanup levels, although visible sheens were noted in several samples (SW-2, SW-4, SW-5, and 
SW-7), and detectable concentrations of other petroleum compounds were present (Table 3).  

4.3.4 Surface Sediment Quality 

Surficial sediment samples were collected from the same locations as the surface water samples. 
The surface sediment observations and analytical results are presented in Table 4. DRO 
concentrations in surface sediment samples SED-4, SED-5, SED-7, and SED-10 exceeded 
ADEC Method 2 cleanup levels. All of these locations are in the drainage adjacent to the 3-inch 
supply pipeline (Figure 3).  The sample with the highest DRO concentration, SED-4, also 
exceeded the ERM for 2-Methylnaphthalene. 

4.3.5 Stockpile Assessment 

Soil preciously excavated from the Institute has been placed in two temporary stockpiles: the 
RA/TELLUS stockpile and the CDI stockpile.  

The RA/TELLUS stockpile, currently located at a city-owned rock quarry, contains 750 cubic 
yards of material excavated by RA/TELLUS in 1999 (Figure 1). In 2001, CDI submitted ten 
samples (plus one duplicate) for DRO analysis. DRO concentrations ranged from 730 mg/kg to 
1,900 mg/kg. Five of the samples were analyzed for BTEX, none of which exceeded ADEC 
Method 2 cleanup levels (CDI, 2003). In 2003, SLR observed that the top liner is positioned on 
the side of the stockpile and no longer covers the soil. 

The CDI stockpile is located approximately ¼ mile north of the Institute and contains 1,300 
cubic yards of contaminated soil (Figure 2).  In 2001, seven samples of stockpiled soil from the 
Building 205 excavation were collected.  DRO concentrations of the samples ranged from 310 
mg/kg to 5,300 mg/kg. One sample (out of three) analyzed for BTEX exceeded the ADEC 
Method 2 cleanup level for benzene (CDI, 2003). 

In November 2003, four stockpile samples (and one duplicate) were collected from the soil in the 
CDI stockpile believed to have been excavated from areas other than Building 205.  The sample 
results are presented in Table 5. DRO concentrations ranged from 1,100 mg/kg to 1,200 mg/kg. 
No BTEX concentrations exceeded ADEC Method 2 cleanup levels.  The stockpile is in 
generally good condition, although the top liner has partially separated and exposed the 
underlying soil (Appendix B, Photo 13).  
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5 EVALUATION OF TREATMENT AND DISPOSAL OPTIONS 

The information collected during the 2003 site characterization, as well as information from prior 
site investigations, was used to develop recommendations to ADEC for potential remediation 
options. 

5.1 Remediation Options  

The following options were identified as potential remediation options for the existing 
contaminated soil originating at the Institute: 

• Excavation, shipment, and disposal off-site at a landfill or treatment facility licensed to 
dispose of this hazardous material 

• Excavation and local thermal remediation 

• Excavation and local encapsulation  

• Excavation and local biological treatment 

In situ treatment options, such as air stripping and enhanced biological degradation by the 
addition of oxygen to the subsurface, were considered but were found to be inappropriate for this 
site. Air stripping would be effective in removing volatile hydrocarbon constituents; however, 
the contamination in the area consists of diesel, which is largely comprised of semi-volatile and 
non-volatile compounds. In situ biological treatment would probably require installation of 
extensive piping and mechanical systems at the site and would require a long-term effort to reach 
the remediation goals. In situ remediation is most appropriate at sites where excavation is costly 
or not feasible, which is not the case at the Institute. 

The total volume of soil used in the remediation cost estimate is the volume of soil currently  
stockpiled, 2,050 cubic yards.  The total weight of this soil, assuming 1.5 tons per cubic yard, is 
estimated to be 3,075 tons. 

The treatment options included in the analysis, their applicability, advantages, and 
disadvantages, are discussed below. 

5.1.1 Off-Site Treatment or Disposal 

Off-site treatment and disposal constitutes transferring the contaminated soil in the stockpiles 
into open-top containers and shipping by barge to the nearest treatment or disposal facility 
licensed to accept petroleum-contaminated material. 
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Off-site treatment or disposal results in the immediate removal of exposure of contaminated 
material to the environment or human health. The location of the Institute is advantageous for 
low-cost marine transportation, as well as proximity to treatment or disposal facilities in 
Washington State. In addition, off-site disposal or treatment can be done at a relatively fixed unit 
cost, which is generally an advantage for remediation of relatively low volumes of material.  

Off-site treatment and disposal has the disadvantage of likely not providing benefit to the local 
economy to the degree that local remediation options would. In addition, it is possible that at 
some soil volume, economies of scale would be such that the unit cost to ship the soil to an off-
site facility would exceed the unit treatment cost of treating the soil locally. 

The cost for off-site disposal is based upon a unit cost for transportation from Wrangell to the 
disposal facility and disposal of $50 per ton.  In addition, handling costs to dismantle the 
stockpile and transport the soil to the barge in Wrangell are estimated to be $20/ton.   The total 
per ton cost is estimated to be approximately $70, for a total cost of $215,250 for disposal of the 
existing stockpiles.  This price is based on the assumption that the existing site characterization 
and stockpile sampling data is adequate to characterize the soil as non-hazardous, and that no 
additional characterization would be necessary. 

5.1.2  On-Site Thermal Remediation 

On-site thermal remediation can be accomplished with either a soil burner or a hot air vapor 
extraction system (HAVE). Thermal remediation would result in nearly complete destruction of 
petroleum hydrocarbons in the nonorganic soil found at the Institute. 

Mobilization and energy costs for thermal remediation would be significant, as diesel fuel would 
be the fuel used at the Institute site. Additional costs may be incurred depending upon the 
ultimate disposal of the remediated soil. Thermally remediated soil is generally not aesthetically 
suitable for surface use, the exposed soil becomes a source of nuisance dust in windy conditions, 
and the very low moisture content of the soil makes it unsuitable for use as load-bearing fill 
material. Beneficial reuse of the thermally treated soil may include non-structural fill material, 
such as landfill cover. It is possible to rehydrate the soil to make it suitable for structural use 
such as fill in a civics works or other construction use; however, this would incur additional 
costs. 

The estimated cost for mobilization and demobilization for a soil burner or HAVE system to 
Wrangell is estimated to be $50,000.  The unit cost for thermal remediation is estimated to be 
$70 per ton.  In addition, third-party confirmation sampling is necessary after thermal 
remediation to verify ADEC cleanup levels have been met, and the assumed cost for labor and 
laboratory analyses for this sampling is $20,000.  The total cost for thermal remediation of the 
existing stockpiles is $285,250, not including any consequent costs for handling or re-hydrating 
the remediated soil. 

5.1.3 On-Site Encapsulation 

With the approval of the ADEC, the petroleum-contaminated soil could be encapsulated in a 
roadbed, under the conditions detailed in 18 AAC 75.360(11)(G).  Encapsulation would most 
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easily be implemented if a paved roadway was constructed and the contaminated material could 
be incorporated in the center of the roadbed.  An advantage to this method includes very low unit 
soil disposal cost.  Disadvantages of this method would include limited road construction work 
taking place in Wrangell, the potential necessity for long-term monitoring of ground and surface 
water adjacent to the encapsulation area, and the burden of long-term liability of the 
contaminated material if the roadbed was reconstructed or abandoned. 

Future roadwork in Wrangell includes reconstruction of the Wrangell Airport access road and 
parking lot by the Alaska Department of Transportation and Public Facilities (ADOT&PF), 
which is currently in the planning phase (Hughes, 2004), and reconstruction of a 1000-foot 
stretch of Cassiar Street in Wrangell during the 2004 construction season (Caldwell, 2004).  Both 
of these projects involve streets in a relatively urban setting that include utilities in the road 
prism and are in close proximity to homes or businesses.  At this time, it appears unlikely that the 
ADOT&PF road reconstruction would be an encapsulation alternative because of the presence of 
water wells near the construction area, and the presence of utilities in the road prism (Hughes, 
2004).   Encapsulation in the Cassiar Street roadbed would, in addition to approval from ADEC 
with respect to environmental impacts, be dependent upon the volume of soil required for street 
reconstruction, the suitability of the stockpile soil as roadbed material, and public acceptance. 

The estimated cost for dismantling the stockpile and placing the soil in a roadbed is estimated as 
$20/ton.  In addition, a leaching assessment would need to be done for the location selected, 
which is estimated to cost $10,000.  It is assumed that three groundwater monitoring wells would 
need to be installed and sampled annually for at least 2 years, for which the estimated cost is 
$20,000.  The total cost for the on-site encapsulation option by placement in a roadbed is 
estimated to be $91,500.  

5.1.4 On-Site Biological Treatment 

On-site biological treatment could be accomplished by two methods, either in a covered and 
lined biological treatment cell (biocell), or in a lined landfarming area. 

The biocell option would require three four biocells, assuming a total soil volume of 2,000 cubic 
yards and a typical individual biocell volume of 500 to 750 cubic yards, require three four 
biocells. Alternately, a single biocell could be used through which soil would be cycled over a 
longer period of time. The footprint for a typical biocell is 50 feet by 60 feet. The biocell(s) 
would require a blower, either a recursive or direct-displacement (roots) type, to supply oxygen 
to the soil. In addition, the biocell may require an irrigation system to supply moisture and 
nutrients to the soil, or a leachate collection system to drain excess moisture. If electrical service 
could be supplied for a reasonable cost, the current location of the CDI stockpile would be a 
feasible location for a biocell. Alternately, an electrical drop is present on the northwest side of 
the Institute property, and depending upon planned land use, it may be feasible to activate this 
electrical drop and construct the biocell at this location. 

The estimated cost to construct and operate the biocell was estimated using the Biopile Cost 
Estimator Version 3 (Battelle, 2000).  The treatment cost per cubic yard, including biocell 
construction and operation and maintenance for a total treatment time of 8 months, assuming no 
utility, land rental, travel, or shipping costs, was estimated to be $65.  This cost was adjusted 
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upward by 20% to estimate inflation since the software parameters were established in 2000, 
resulting in a per-yard cost of $78.   A flat rate of $20,000 for shipping the biocell construction 
materials to Wrangell was assumed.  In addition, travel and per diem costs of $20,000 were 
assumed for environmental contractor technicians and project managers to travel to Wrangell for 
system construction and for routine sampling and respiration testing.  It was assumed that routine 
operation and maintenance could be accomplished locally.  The cost to dismantle the stockpiles 
and transport the soil to the biocell is assumed to be $20/cubic yard.  The estimated electrical 
cost, assuming each blower is 2 horsepower, 24-hour operation for eight months, and electrical 
costs of $0.25 per kilowatt hour, $8,700.  Dismantling costs for the stockpiles are assumed to be 
a lump sum of $20,000.  The total cost for the biocell treatment option, assuming remediation is 
accomplished in a single season, is estimated to be $269,600. 

The landfarming option consists of constructing a lined landfarming area, applying clean cover 
soil above the liner, and then applying an approximate 18-inch lift of contaminated soil. 
Nutrients are applied to the soil, which is then aerated with an agricultural tractor and rotary 
tiller. Given the annual precipitation in Wrangell, a leachate collection and treatment system 
would likely be necessary. Assuming the contaminated soil volume of 2,050 cubic yards, the 
landfarming area would require a footprint of 36,000 square feet (0.7 acres), which could be 
accommodated within the Institute property. The cost to construct a liner and leachate collection 
and treatment system for this area would be considerable. The time to clean up for this method is 
variable, with landfarming providing excellent aeration of volatile hydrocarbon compounds, 
followed by slower biological decay of residual hydrocarbons. The landfarming process is 
relatively sensitive to soil moisture and air temperature, and effectiveness would consequently 
depend upon seasonal conditions at the time of treatment. 

The estimated cost for the landfarming option is approximately $2 per square foot for liner 
purchase and placement for the landfarming area, or $72,000.  The leachate collection system is 
estimated to cost an additional $10,000 for installing a French drain system and rental or 
purchase of pumps to transfer the leachate to holding tanks/truck.  Soil placement costs are 
estimated as $20 per cubic yard.  Treatment or disposal of the leachate from the collection 
system is estimated to cost approximately $180,000 annually, based on the assumption that the 
entire annual precipitation would be captured over the 36,000 square foot area, for a total 
estimated volume of 1.8 million gallons of water, and further assuming that the water could be 
treated at the local water treatment system or with a portable granular activated carbon system 
for a total cost of collection, shipping, and treatment cost of  $0.10/gallon.   Annual landfarming 
costs, including equipment rental, nutrients, and local labor to treat the soil, are estimated to cost 
$25/cubic yard per year.  The total cost for the first year of landspreading is estimated to be 
$354,250. 

The landfarming treatment option is assumed to require 3 years based on knowledge of 
landfarming of soil with similar contamination in the Anchorage and Kenai Peninsula area.  The 
cost for each additional year of landfarming treatment is estimated to be $231,250.  

Confirmation sampling after completion of the landfarming activities is assumed to cost 
approximately $20,000, including labor, laboratory, and reporting costs.  It is assumed that the 
landspreading area would be left in place after treatment is complete.  
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5.2 Remediation Options Ranking 

SLR used the criteria outlined in the USEPA Comprehensive Environmental Response 
Compensation and Liability Act (CERCLA) feasibility study process (USEPA, 1988) to rank 
various approaches or combinations of approaches. These criteria include the following: 

• Overall protection of human health and the environment 

• Compliance with applicable, relevant, appropriate requirements 

• Long-term effectiveness and permanence 

• Reduction of toxicity, mobility, or volume 

• Short-term effectiveness 

• Implementability 

• Cost 

• State and community acceptance 

The treatment options were ranked on a scale of one to five, as follows: 

1. Poor applicability 

2. Moderate applicability 

3. Average applicability 

4. Good applicability 

5. Excellent applicability 

The treatment options are summarized with respect to each of the above criteria in Table 6. The 
analysis indicates that the remediation options that would best be applied to this site are off-site 
disposal or treatment, followed by thermal treatment, roadbed encapsulation, biological 
treatment in a biocell, and finally, biological treatment by landfarming. 
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6 CONCLUSIONS 

The ADEC contracted SLR to conduct soil, surface water, and groundwater sampling at the 
Institute in Wrangell, Alaska. This report summarizes the historical land use and site 
assessments, the recent site assessment, and recommendations for future remedial and disposal 
actions. 

The subsurface soil investigation focused on areas with hydrocarbon-impacted soil known to 
exceed ADEC cleanup levels as specified in Title 18, Chapter 75, Section 341 of the Alaska 
Administrative Code (18 AAC 75.341). These areas include former locations of USTs and the 
interconnecting underground pipeline system. Hydrocarbon-impacted subsurface soil was 
observed in five principal areas within, or immediately outside, the Institute property. These 
plumes encompass an estimated 5,880 cubic yards of soil exceeding the ADEC Method 2 DRO 
cleanup level.  Portions of the impacted soil are within land tentatively designated for wetlands 
status, although the status is subject to U.S. Army Corps of Engineers review (Walsh Planning 
and Development Services, 2003). 

Groundwater was sampled in ten newly constructed monitoring wells and two existing water 
supply wells. DRO concentrations in two on-property monitoring wells exceeded 
18 AAC 75.345 Table C values. In addition, groundwater sample results from five monitoring 
wells exceeded ADEC PAH cleanup levels. 

Surface water and sediment samples were collected at ten locations around the Institute 
perimeter. Two surface water sample results exceeded ADEC cleanup levels for benzo(a)pyrene. 
Four sediment sample results exceeded the ADEC Method 2 DRO cleanup level. All the 
sediment samples exceeding the DRO cleanup levels are adjacent to or downgradient of the 3-
inch supply pipeline.  The sample with the highest DRO concentration, SED-4, also exceeded the 
ERM for 2-Methylnaphthalene. 

In addition to the estimated 5,880 cubic yards of in-place soil exceeding the DRO cleanup level, 
approximately 2,050 cubic yards total of soil is stored in two stockpiles that require treatment 
and/or disposal (CDI, 2003; RA/TELLUS, 1999).  Analysis indicates that the remediation 
options that would best be applied to this site are off-site disposal or treatment, followed by 
thermal treatment, roadbed encapsulation, biological treatment in a biocell, and finally, 
biological treatment by landfarming. 
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LIMITATIONS 

The services described in this report were performed consistent with generally accepted 
professional consulting principles and practices. No other warranty, express or implied, is 
made. These services were performed consistent with our agreement with our client. This 
report is solely for the use and information of our client unless otherwise noted. Any reliance 
on this report by a third party is at such party's sole risk. 

Opinions and recommendations contained in this report apply to conditions existing when 
services were performed and are intended only for the client, purposes, locations, time 
frames, and project parameters indicated. We are not responsible for the impacts of any 
changes in environmental standards, practices, or regulations subsequent to performance of 
services. We do not warrant the accuracy of information supplied by others, nor the use of 
segregated portions of this report. 

The purpose of an environmental assessment is to reasonably evaluate the potential for or 
actual impact of past practices on a given site area. In performing an environmental 
assessment, it is understood that a balance must be struck between a reasonable inquiry into 
the environmental issues and an exhaustive analysis of each conceivable issue of potential 
concern. The following paragraphs discuss the assumptions and parameters under which such 
an opinion is rendered. 

No investigation is thorough enough to exclude the presence of hazardous materials at a 
given site. If hazardous conditions have not been identified during the assessment, such a 
finding should not therefore be construed as a guarantee of the absence of such materials on 
the site, but rather as the result of the services performed within the scope, limitations, and 
cost of the work performed. 

Environmental conditions may exist at the site that cannot be identified by visual 
observation. Where subsurface work was performed, our professional opinions are based in 
part on interpretation of data from discrete sampling locations that may not represent actual 
conditions at unsampled locations. 

Except where there is express concern of our client, or where specific environmental 
contaminants have been previously reported by others, naturally occurring toxic substances, 
potential environmental contaminants inside buildings, or contaminant concentrations that 
are not of current environmental concern may not be reflected in this document. 
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Table 1.
Fuel Storage Tanks Summary

Wrangell Institute

Tank Tank Tank
Identification Location Description RA/TELLUS (December, 1999) CDI (April, 2003)

1 Building 218, Pump 
House

400-gallon, No. 2 
heating fuel, AST

Observed soil contamination. Removed 3 cubic 
yards (cy). Collected 3 samples. In-place soil 
determined to be below ADEC Method 2 cleanup 
levels. No recommendations.

No investigation.

2 Building 226, Gas 
Station

1,200-gallon, gasoline, 
UST                       
(stand-alone)

No observed soil contamination. Collected 2 
samples. GRO was not detected.  No investigation.

3 Building 204, North 
Staff Residence

600-gallon, No. 2 
heating fuel, UST

Observed soil contamination. Removed 348 cy. 
Collected 3 samples. In-place soil determined to 
be below ADEC Method 2 cleanup levels. No 
recommendations.

No investigation.

4
Building 221, 
Carpenter Shop & 
Utility Building

275-gallon, No. 2 
heating fuel, AST

Observed soil contamination. Removed 48 cy. 
Collected 3 samples. In-place soil determined to 
be below ADEC Method 2 cleanup levels. No 
recommendations.

No investigation.

5 Building 205, Duplex 600-gallon, No. 2 
heating fuel, UST

Observed significant soil contamination. Collected 
2 samples. Sample concentrations above ADEC 
Method 2 cleanup levels. No soil removal.

Observed significant soil and ground water 
contamination. Removed 700 cy.  Collected 19 
confirmation samples; 3 samples exceeded 
ADEC Method 2 cleanup levels.  Recommended 
more investigation at the "triple junction", located 
east of building.

6 Building 211, 
Principal's Residence

600-gallon, No. 2 
heating fuel, UST

Observed soil contamination. Removed 49 cy. 
Collected 3 samples. Sample concentrations 
above ADEC Method 2 cleanup levels. 
Recommended more investigation.

No investigation.

7 Building 201, Main 
School

600-gallon, No. 2 
heating fuel, UST

Observed soil contamination. Removed 216 cy. 
Collected 2 samples. Sample concentrations 
above ADEC Method 2 cleanup levels. 
Recommended more investigation.

Observed soil and ground water contamination. 
Removed soil from 2-inch pipeline near Building 
201. Recommended further investigation.

8 Building 210, Dining 
Hall

1,200-gallon, No. 2 
heating fuel, UST

Observed significant soil contamination. Removed 
43 cy. Collected 2 samples. Sample concentrations 
above ADEC Method 2 cleanup levels. 
Recommended more investigation.

Observed significant soil contamination. 
Removed 20 cy. Collected 1 sample; 
concentration exceeded the ADEC Method 2 
DRO cleanup level. Recommended more 
investigation.

Investigation Results
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Table 1.
Fuel Storage Tanks Summary

Wrangell Institute

Tank Tank Tank
Identification Location Description RA/TELLUS (December, 1999) CDI (April, 2003)

Investigation Results

9 Building 209, South 
Staff Residence

600-gallon, No. 2 
heating fuel, UST

Observed soil contamination. Removed 42 cy. 
Collected 3 samples. Sample concentrations 
above ADEC Method 2 cleanup levels. 
Recommended more investigation.

Observed soil contamination. Removed 60 cy. 
Collected 2 samples. Samples below ADEC 
Method 2 cleanup levels. No specific 
recommendations.

10 Building 301, Hospital 600-gallon, No. 2 
heating fuel, UST

Observed soil contamination. Collected 2 samples. 
Sample concentrations above ADEC Method 2 
cleanup levels. No soil removal.

Observed soil contamination. Reported that 
impacted soil was result of pipeline - not UST. 
Recommended soil removal under roadbed.

11 Southeast Corner of 
Property

20,000-gallon, No. 2 
heating fuel, AST Removed tank. No investigation. No investigation.

12 Southeast Corner of 
Property

20,000-gallon, No. 2 
heating fuel, AST Removed tank. No investigation. No investigation.

Notes:
ADEC - Alaska Department of Environmental Conservation
AST - above-ground storage tank
cy - cubic yards
GRO - gasoline range organics
UST - underground storage tank
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Table 2.
Soil Sample Observations, Screening, and Analytical Data

Wrangell Institute

Depth 
(feet 
bgs)

TPH, 
USEPA 

9074 
(ppm)

PID 
(ppm)

DRO, 
AK102   
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NA NA 100* 0.02 4.8 5 69 NA NA NA NA NA NA NA NA NA NA

NA NA 230 0.02 4.8 5 69 190 3,900 5.5 0.9 550 1,900 240 19 1,400 NA

3-inch Supply Pipeline
PJ-1 1 645 13 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- Organic material at surface, silt at depth, strong hc odor 0'-1.5' bgs
PJ-10 0.5 201 38 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- Silt 0'-2' bgs, gravel refusal at 2' bgs, hc odor 0'-1' bgs
PJ-11 1.5 -- 13 1,400 -- -- -- -- -- -- -- -- -- -- -- -- -- -- Gravel at 1.5' bgs, slight hc odor
PJ-15 0.5 950 241 32,000 ND 0.097 0.098 1.1 ND ND ND ND ND ND ND ND ND -- Organic material, silt, sand, slight hc odor
PJ-15 2 170 89 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- Cobble-gravel refusal, slight hc odor
PJ-15-N18 1.5 18 2.9 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- Silt, sand, gravel, saturated, slight hc odor
PJ-15-N5 1.75 3,130 98 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- Gravel refusal, saturated, strong hc odor
PJ-15-S5 1 74 7.4 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- Silt and organic material, saturated, strong hc odor
PJ-16 1 11,410 129 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- Silt, sand, gravel, moist, slight hc odor
PJ-17 1 1,047 33 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- Silt and organic material, saturated, slight hc odor
PJ-2 1 -- 0.8 71 -- -- -- -- -- -- -- -- -- -- -- -- -- -- Organic material at surface, silt at depth, no hc odor
PJ-4 1.5 -- 216 5,600 ND 0.18 0.049 1.7 ND ND ND ND ND ND ND 1.900 ND -- Organic material at surface, silt and sand at depth, strong hc odor 0'-2' bgs
PJ-4-N14 1.5 -- 2.9 69 -- -- -- -- -- -- -- -- -- -- -- -- -- -- Sand with organic material, slight hc odor
PJ-4-N2 1 374 20 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- Silt and organic material, strong hc odor
PJ-4-S5 1 -- 2.2 1,900 -- -- -- -- -- -- -- -- -- -- -- -- -- -- Silt and organic material, moist, slight hc odor
PJ-6 0.5 -- 100 150,000 -- -- -- -- -- -- -- -- -- -- -- -- -- -- Organic material, slight hc odor
PJ-6 1.5 303 23 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- Organic material and minor sand, slight hc odor
MW-7 4 994 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- SP, minor hc odor
MW-7 7 4,390 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- SP, strong hc odor
20-000-Gallon AST
TP-HH 2 -- -- 5,000 ND 0.014 ND 0.035 ND ND ND ND ND ND ND ND ND -- GW, moderate organic material, saturated with sheen
TP-II 2 22 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- GW, moderate organic material, no hc odor or staining
TP-JJ -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ML at 1' bgs
TP-OO 1 1,091 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- GW, hc staining and odor
TP-OO 3 4 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- GW, underlain by ML
TP-PP 1 4,650 -- 4,800 -- -- -- -- -- -- -- -- -- -- -- -- -- -- GW, hc odor and staining
TP-PP 1 -- -- 4,200 -- -- -- -- -- -- -- -- -- -- -- -- -- -- GW, hc odor and staining (TP-DUP-4)
TP-PP 3 473 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- GM-ML, brown, no odor
Buildings 202, 301, and Institute Ave.
TP-BB 1.5 31 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- GM-GP, moist, no hc odor
TP-BB 4.5 578 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- GM-GP, moist, moderate hc odor
TP-BB1 1 10 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- GM-GP, moist, no hc staining or odor
TP-BB1 4.5 9 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- GM-GP, moist, no hc staining or odor
TP-CC 1 15 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- GM-GP, moist, no hc staining or odor
TP-CC 6.5 6 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ML-SM, moist

Observations

BTEX, USEPA 8021B
(mg/kg)

Sample 
Location

PAHs, USEPA 8270C-SIM                                       
(mg/kg)

ADEC Method 1 
Cleanup Levels
ADEC Method 2 
Cleanup Levels
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Soil Sample Observations, Screening, and Analytical Data
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NA NA 100* 0.02 4.8 5 69 NA NA NA NA NA NA NA NA NA NA

NA NA 230 0.02 4.8 5 69 190 3,900 5.5 0.9 550 1,900 240 19 1,400 NA

Observations

BTEX, USEPA 8021B
(mg/kg)

Sample 
Location

PAHs, USEPA 8270C-SIM                                       
(mg/kg)

ADEC Method 1 
Cleanup Levels
ADEC Method 2 
Cleanup Levels
TP-EE 3 -- -- 1,600 -- -- -- -- -- -- -- -- -- -- -- -- -- -- GM, moderate organics, moist to wet, hc staining and odor
TP-EE 7 -- -- 95 -- -- -- -- -- -- -- -- -- -- -- -- -- 21,500 GM, moderate oragnics, moist to wet, minor hc staining and odor
TP-FF 3 536 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- GM, black staining with minimum hc odor, saturated
TP-FF 6 -- -- 2,200 ND ND 0.026 0.046 0.280 ND ND 0.090 ND ND 1.4 1.2 ND -- GM, black staining with strong hc odor, saturated
TP-FF 7 0 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ML
TP-GG 3 62 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- GM, moist, no hc odor or staining
TP-KK 5.5 0 -- 11 -- -- -- -- -- -- -- -- -- -- -- -- -- 6,780 SM, moist, no hc staining or odor
TP-KK 5.5 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 7,750 SM, moist, no hc staining or odor (TP-DUP-5)
TP-LL 5 6,740 -- 1,800 -- -- -- -- -- -- -- -- -- -- -- -- -- -- GM, with black staining, moist
TP-LL 5 -- -- 2,200 -- -- -- -- -- -- -- -- -- -- -- -- -- -- GM, with black staining, moist (TP-DUP-3)
TP-MM 0-4 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- Backfilled construction debris, saturated
TP-NN 1.5 148 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- GM, dry-moist, no hc odor
TP-NN 4 381 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- GM, dry-moist, no hc odor
TP-T 1 4,180 -- 2,000 ND ND 0.14 0.70 ND ND ND ND ND ND ND ND 0.037 -- GM, strong hc odor, organic material
TP-T 3 6 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- GM, with organic material, moderate hc odor
TP-U 2 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ML, blue-grey, no hc staining or odor
TP-V 4 13 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- GM-SM, no hc odor
TP-X 3.5 2,560 -- 1,200 -- -- -- -- -- -- -- -- -- -- -- -- -- -- SM grading to ML blue, hc odor
TP-X1 3 643 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- GM, hc odor
TP-X1 7 8 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ML, no odor
TP-Y 3 -- -- ND -- -- -- -- -- -- -- -- -- -- -- -- -- -- GM, with organic material, moist, no hc odor or staining
TP-Y 3 -- -- ND -- -- -- -- -- -- -- -- -- -- -- -- -- -- GM, with organic material, moist, no hc odor or staining (TP-DUP-2)
Buildings 201, 203, and 210
TP-I 2.5 -- 400 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- GM, top of grey staining, strong hc odor
TP-I 8 -- -- 2,800 0.0016 0.010 0.0076 0.15 0.150 ND ND ND ND ND ND ND ND -- GM, grey staining, hc odor, saturated with sheen 
TP-I 8 -- -- 2,500 ND 0.0070 0.0060 0.11 ND ND ND ND ND ND ND 0.300 ND -- GM, grey staining, hc odor, saturated with sheen (TP-DUP-1)
TP-J 0-3 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- Abundant underground pipelines 0' to 3' bgs
TP-K 3 -- 1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- GM, moist, no hc staining, no odor
TP-K 10 -- 0.3 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- SP, grey natural color, no odor, saturated
TP-L 3 -- 6.8 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- GM, moderate hc staining and odor, abundant FeO
TP-L 5 -- 131 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- GM, moderate hc staining and odor, saturated
TP-M 3 -- 1.0 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- GM-SM, with FeO, no hc odor, dry
TP-M 7 -- 1.0 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- GM-SM, with FeO, no hc odor, dry
TP-M 12 -- 0.3 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- GM-SM, with FeO, no hc odor, trace water
TP-N 10.5 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- GM-SM, with FeO, no hc odor, trace water
TP-O2 3 32 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- GP, within 5' of pipeline
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Table 2.
Soil Sample Observations, Screening, and Analytical Data
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NA NA 100* 0.02 4.8 5 69 NA NA NA NA NA NA NA NA NA NA

NA NA 230 0.02 4.8 5 69 190 3,900 5.5 0.9 550 1,900 240 19 1,400 NA

Observations

BTEX, USEPA 8021B
(mg/kg)

Sample 
Location

PAHs, USEPA 8270C-SIM                                       
(mg/kg)

ADEC Method 1 
Cleanup Levels
ADEC Method 2 
Cleanup Levels
TP-O3 6 OR -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- GP with hc odor
TP-P 6 -- -- 6,300 -- -- -- -- -- -- -- -- -- -- -- -- -- -- GM, FeO, strong hc staining and odor, water at 6.5' bgs
TP-Q 6 TE -- ND -- -- -- -- -- -- -- -- -- -- -- -- -- 6,500 GM, no organic material, moist, no staining
TP-Q 9.5 -- 39 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- GM, saturated 
TP-QQ 3 278 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- GW, black, minor construction debris, dry-moist
TP-QQ 8.5 150 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- SP, fine-med grained, strong hc odor
TP-R 6 -- -- ND -- -- -- -- -- -- -- -- -- -- -- -- -- 4,070 GM, no hc odor or staining
TP-R 9.5 -- -- 930 -- -- -- -- -- -- -- -- -- -- -- -- -- -- GM, saturated, hc odor
TP-RR 7 -- 0 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- SP, fine-med grained, no hc staining or odor
TP-S 6 -- -- ND -- -- -- -- -- -- -- -- -- -- -- -- -- -- GM, moist to wet, minor FeO, minor hc odor(?)
Intersection of Massin Ave. and Bay View Street
TP-D1 2 -- OR -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- SP with organic material, abundant hc staining and odor
TP-D2 2 OR -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- SP with organic material, abundant hc staining and odor
TP-D2 7 139 -- 30 -- -- -- -- -- -- -- -- -- -- -- -- -- -- SP, moderate hc staining and odor, water seeping in at 7 feet bgs
TP-D3 3 38 -- ND -- -- -- -- -- -- -- -- -- -- -- -- -- -- SM, moist, moderate, discontinuous hc staining and odor
TP-E 3 -- 0 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- GM, abundant FeO and black (MnO?) staining, no hc staining or odor
TP-F 3 -- 0 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- GM, abundant FeO and black (MnO?) staining, no hc staining or odor
TP-G1 3 913 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- GM, moist-wet, FeO, abundant hc staining and odor
TP-G1 6.5 -- -- 450 0.0068 0.0065 0.022 0.057 ND ND ND ND ND ND ND 0.0043 ND -- GM, moist-wet, FeO, abundant hc staining and odor
TP-G2 3 3 -- ND -- -- -- -- -- -- -- -- -- -- -- -- -- -- GM, moist-wet, FeO, minor hc staining and odor
TP-G3 3 28 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- SP with organic material, trace hc staining and odor
TP-H1 4 -- 0.9 44 -- -- -- -- -- -- -- -- -- -- -- -- -- -- GP, minor hc stain, saturated with slight sheen
TP-H2 4 -- 0 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- SM, dry to moist, no hc stain or odor
MW-3 3 -- -- ND -- -- -- -- -- -- -- -- -- -- -- -- -- 5,590 GM, moderate organic materials, FeO layer with gray staining underneath
Building 205
TP-B 3 507 -- 2.2 -- -- -- -- -- -- -- -- -- -- -- -- -- -- GW, adjacent to concrete pad
TP-B 7 217 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- GW, saturated (with sheen), underneath concrete pad
TP-C 3 32 -- 11 -- -- -- -- -- -- -- -- -- -- -- -- -- -- GW, moist, FeO, no hc staining or odor
TP-C 11.5 34 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 6-inch-thick SP, medium-grained, saturated
Building 211
TP-A 5 186 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- GM, dry, FeO, no hc staining or odor
TP-A 9 686 1 230 -- -- -- -- -- -- -- -- -- -- -- -- -- -- GP, moist, FeO, minor hc odor and stain
TP-A 10 2,158 148 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- SP, medium-grained, saturated, hc staining and odor
Building 209
TP-DD 4 -- -- 7.0 -- -- -- -- -- -- -- -- -- -- -- -- -- -- GM, with organic material, moist, no hc staining or odor
TP-DD 5 -- -- 9.5 ND 0.024 ND ND ND 0.023 0.230 ND 0.190 0.250 0.0089 0.004 0.330 -- SM-ML, dry, discontinuous hc odor
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Table 2.
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NA NA 100* 0.02 4.8 5 69 NA NA NA NA NA NA NA NA NA NA

NA NA 230 0.02 4.8 5 69 190 3,900 5.5 0.9 550 1,900 240 19 1,400 NA

Observations

BTEX, USEPA 8021B
(mg/kg)

Sample 
Location

PAHs, USEPA 8270C-SIM                                       
(mg/kg)

ADEC Method 1 
Cleanup Levels
ADEC Method 2 
Cleanup Levels
Intersection of Zimovia Highway and Institute Ave.
TP-AA 5 -- -- ND -- -- -- -- -- -- -- -- -- -- -- -- -- -- SP, fine-medium grained, no hc odor or staining
TP-Z 5 -- -- ND -- -- -- -- -- -- -- -- -- -- -- -- -- 4,400 SP, fine-medium grained, no hc odor or staining
Institute Creek
MW-8 8.5 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 3,330 SP, coarse, well-rounded sand, no fines, minor pea gravel

Notes:
Results in bold exceed ADEC Method 2 cleanup levels
--  not analyzed

bgs - below ground surface
BTEX - benzene, toluene, ethylbenzene, and total xylenes
DRO - diesel range organics
FeO - iron oxide 
GP - poorly-graded gravels (USCS classification)
GM - silty gravels (USCS classification)
GW - well-graded gravels (USCS classification)
hc - hydrocarbon
mg/kg - milligrams per kilogram
ML - inorganic silt (USCS classification)
NA - not applicable
ND - not detected
OR - TPH, USEPA 9074 (PetroFlag) sample over-range 
PAH - polynuclear aromatic hydrocarbons; PAH compounds not detected are not included in the table
PID - photoionization detector 
ppm - parts per million
SP - poorly-graded sands (USCS classification)
TE - TPH, USEPA 9074 (PetroFlag) temperature error

* Petroleum hydrocarbon soil cleanup levels in non arctic zones are calculated by parameters specified in the 18 AAC 75.340.
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Table 3.
Ground and Surface Water Analytical Data

Wrangell Institute
(All units in mg/L)
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1.5 0.005 1.0 0.7 10.0 2.2 2.2 11.0 0.001 0.01 1.46 0.001 0.7 1.1 NA NA

NA 0.005 NA NA NA NA NA NA NA NA NA NA NA NA 0.010 0.015

Ground Water
MW-1 MW-1 11/9/2003 ND ND ND ND ND -- -- -- -- -- -- -- -- -- -- --
MW-2 MW-2 11/9/2003 0.3 ND ND ND ND ND ND ND 0.0027 0.0026 ND 0.0026 ND ND ND 0.0079
MW-2 MW-DUP-1 11/9/2003 0.33 ND 0.0011 ND ND ND ND ND 0.0018 0.0014 ND 0.0017 ND ND 0.0011 0.006
MW-3 MW-3 11/9/2003 ND ND ND ND ND ND ND ND 0.0018 ND ND ND ND ND ND 0.0018
MW-4 MW-4 11/9/2003 11 ND ND 0.0023 0.0041 0.011 0.0046 0.130 0.0029 0.0017 ND 0.0014 0.048 ND 0.0064 0.206
MW-5 MW-5 11/9/2003 22 ND 0.0014 ND ND ND 0.0068 ND 0.0027 0.0013 0.028 0.0014 ND ND 0.0014 0.0416
MW-5 MW-DUP-2 11/9/2003 28 ND 0.001 ND ND -- -- -- -- -- -- -- -- -- 0.001 0.001
MW-6 MW-6 11/9/2003 0.26 ND 0.0032 ND 0.0049 ND ND ND 0.0026 ND ND ND ND ND 0.0081 0.0107
MW-7 MW-7 11/11/2003 0.8 ND ND ND ND ND ND ND ND ND ND ND 0.0019 ND ND 0.0019
MW-8 MW-8 11/11/2003 ND ND ND ND ND -- -- -- -- -- -- -- -- -- -- --
MW-9 MW-9 11/11/2003 ND ND ND ND ND -- -- -- -- -- -- -- -- -- -- --
MW-10 MW-10 11/11/2003 ND ND ND ND ND -- -- -- -- -- -- -- -- -- -- --
WW-1 WW-1 11/9/2003 ND ND ND ND ND -- -- -- -- -- -- -- -- -- -- --
WW-2 WW-2 11/9/2003 ND ND ND ND ND -- -- -- -- -- -- -- -- -- -- --
Surface Water
SW-1 SW-1 11/5/2003 -- ND ND ND ND ND ND ND 0.0014 ND ND ND 0.0012 ND ND 0.0026
SW-2 SW-2 11/5/2003 -- ND ND ND ND ND ND 0.0040 ND ND ND ND 0.0013 ND ND 0.0053
SW-2 SW-DUP-1 11/5/2003 -- ND 0.0018 ND ND ND ND ND ND ND ND ND 0.0020 ND 0.0018 0.0038
SW-3 SW-3 11/5/2003 -- ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
SW-4 SW-4 11/5/2003 -- ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
SW-5 SW-5 11/5/2003 -- ND ND ND ND ND ND ND 0.0095 ND ND ND ND ND ND 0.0095
SW-6 SW-6 11/5/2003 -- ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
SW-6 SW-DUP-2 11/5/2003 -- ND 0.0020 ND ND ND ND ND ND ND ND ND ND ND 0.002 0.002
SW-7 SW-7 11/5/2003 -- ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
SW-8 SW-8 11/5/2003 -- ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
SW-9 SW-9 11/11/2003 -- ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
SW-10 SW-10 11/11/2003 -- ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND

Notes:
Results in bold exceed ADEC cleanup levels
 -- not analyzed
BTEX - benzene, toluene, ethylbenzene, and xylenes
DRO - diesel range organics
mg/L - milligrams per liter
NA - not applicable
ND - not detected at or above method reporting limit
PAH - polynuclear aromatic hydrocarbons; PAH compounds not detected are not included in the table
Total aromatic hydrocarbons - the sum of all BTEX compounds
Total aqueous hydrocarbons - the sum of all BTEX and PAH compounds

ADEC Water Quality Criteria                         
(18 AAC 70)

PAHs, USEPA 610 PAH
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Sample 
Locations

Sample 
Designation Date Sampled

ADEC Surface and Ground Water Cleanup 
Levels (Table C, 18 AAC 75)
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Table 4.
Sediment Sample Observations and Anayltical Data

Wrangell Institute
(All units in mg/kg, dry weight basis)
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100* 0.02 4.8 5 69 NA NA NA NA NA NA NA --

230 0.02 4.8 5 69 54.5 5.5 550 1,900 240 19 1,400 --

-- -- -- -- -- 0.070 0.261 0.384 0.6 0.019 0.160 0.665 4.022

-- -- -- -- -- 0.670 1.6 2.8 5.1 0.540 2.1 2.6 44.792

SED-1 66 ND ND ND ND ND ND ND ND ND 0.0042 ND 0.0042 FeO-stained seep along Institute Avenue
SED-2 120 ND ND ND ND ND ND ND ND 0.046 ND ND 0.046 FeO-stained seep between the fence line and the Zimovia Highway
SED-2 (DUP) 110 ND ND ND ND ND ND ND ND ND ND ND ND FeO-stained seep between the fence line and the Zimovia Highway
SED-3 6.8 ND ND ND ND ND 0.0062 0.0076 0.020 ND ND ND 0.0338 culvert draining into Institute Creek, orange algae observed
SED-4 31,000 ND ND ND ND 9.5 ND ND ND ND 1.6 ND 11.1 Natural outlet draining former south staff residence, sheen observed
SED-5 840 ND ND ND 0.10 ND ND ND ND ND 0.011 ND 0.011 Low-flow drainage between the fence line and the Zimovia Highway
SED-6 41 ND ND ND ND ND ND ND 0.0088 ND ND 0.016 0.0248 Culvert draining into Institute Creek
SED-7 19,000 ND 0.037 ND ND ND ND ND ND ND ND ND ND Near the 3-inch supply pipeline, sheen observed
SED-8 ND ND 0.011 ND ND ND ND ND ND ND ND ND ND Between the fenceline and the Zimovia Highway
SED-9 ND ND 0.011 ND ND ND ND ND ND ND ND ND ND Institute Creek outlet (to Prince William Sound), near MW-8
SED-10 300 ND 0.011 ND ND ND ND ND ND ND 0.0076 ND 0.0076 Drainage north of Zimovia Highway and south of the Institute

Notes:
Results in bold exceed ADEC Method 2 cleanup levels
Results in underlined bold exceed NOAA ERL and/or ERM levels

BTEX - benzene, toluene, ethylbenzene, and total xylenes
DRO - diesel range organics
DUP - duplicate
ERL - effects range-low
ERM - effects range-median
FeO - iron oxide
mg/kg - milligrams per kilogram
NA - not applicable
ND - not detected
NOAA - National Oceanic and Atmospheric Administration
PAH - polynuclear aromatic hydrocarbons; PAH compounds not detected are not included in the table
SIM - selected ion monitoring

ADEC Method 1 
Cleanup Levels
ADEC Method 2 
Cleanup Levels

* Petroleum hydrocarbon soil cleanup levels in non arctic zones are calculated by parameters specified in the 18 AAC 75.340.

Sample Location

BTEX, USEPA 8021B

Observations

NOAA ERL

NOAA ERM

PAHs, USEPA 8270C-SIM 
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Table 5.
Stockpile Sample Observations and Analytical Data

Wrangell Institute
(All units in mg/kg)

Depth 
(feet 
bgs)
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100* NA NA NA NA

230 0.02 4.8 5 69

SP-1 1-2 1,200 ND ND ND ND GW, moist, no staining, strong hydrocarbon odor
SP-2 2-3 1,200 ND 0.019 ND ND GW, moist, no staining, strong hydrocarbon odor
SP-2 (DUP) 2-3 1,100 ND 0.010 ND 0.023 GW, moist, no staining, strong hydrocarbon odor
SP-3 1.5-2 1,100 ND 0.011 ND 0.036 GW, moist, no staining, strong hydrocarbon odor
SP-4 1-1.5 1,100 ND ND ND 0.023 GW, moist, no staining, strong hydrocarbon odor

Notes:
Results in bold exceed ADEC Method 2 cleanup levels

bgs - below ground surface
BTEX - benzene, toluene, ethylbenzene, and total xylenes
DRO - diesel range organics
mg/kg - milligrams per kilogram
ND - not detected

* Petroleum hydrocarbon soil cleanup levels in non arctic zones are calculated by parameters specified in the 18 AAC 75.340.

Sample 
Location

BTEX, USEPA 8021B

Observations

ADEC Method 1 
Cleanup Levels
ADEC Method 2 
Cleanup Levels



Table 6.
Soil Treatment Options - Summary

Wrangell Institute

Off-Site Treatment
Encapsulation

Criteria Hot Air Vapor 
Extraction Soil Burner Biological 

Treatment Cell Landfarming Roadbed 
Encapsulation

Disposal at a Licensed Landfill or 
Treatment Facility

Overall protection of human health and the environment 5 5 4 3 5 5
Compliance with applicable, relevant, appropriate requirements 5 5 4 3 5 5
Long-term effectiveness and permanence 5 5 3 3 4 5
Reduction of toxicity, mobility, or volume 5 5 3 3 4 5
Short-term effectiveness 5 5 2 2 5 5
Implementability 4 4 4 3 1 5
Cost 2 2 2 1 5 3
Anticipated State and Community Acceptance 3 3 3 2 3 3

Score: 34 34 25 20 32 36

Notes:
1.      Poor applicability
2.      Moderate applicability
3.      Average applicability
4.      Good applicability
5.      Excellent applicability

On-Site or Local Treatment
Thermal Treatment Biological Treatment
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APPENDIX B 
 

PHOTOGRAPHIC LOG 
 



 

 
Photo 1.   Looking northwest from the corner of Massin Avenue and Bay View Street.   
TP-G and MW-3 are in the foreground and the former locations of Buildings 211 and 
205 are in the background.  In 2001, approximately 700 cubic yards of hydrocarbon-
impacted soil were removed between Building 205 and TP-G3 (CDI, 2003). 
 
 
 

 
 

TP-G1 

TP-G2

MW-3 

B. 211 

TP-G3

B. 205 

Photo 2.  Concrete pad at test pit
TP-B, the former location of the
duplex.  PetroFlag soil samples
were collected adjacent to the pad
and below the pad.  Results were
507 and 217 ppm, respectively. 



 
Photo 3.  Looking north from the corner of Massin Avenue and Bay View Street.   
TP-D is being excavated; TP-H is to viewer’s right and TP-G is to the left. 
 
 
 
 

 
Photo 4.  TP-L is located downgradient of the former Building 210.  A PID screening 
sample of the iron-oxide stained soil at 3 feet bgs measured 6.8 ppm.  At 5 feet bgs, 
groundwater was encountered.  Hydrocarbon staining was observed in the saturated 
soil; a PID screening sample measured 131 ppm.   
 



 
Photo 5.  Looking east-southeast at the Building 210 soil plume. Laboratory analytical 
sample TP-R-6 had nondetectable DRO and sample TP-P-6 had 6,300 mg/kg DRO.  
Hydrocarbon staining and odor was observed in the trench between test pits TP-P and 
TP-R.  
 
 

 
Photo 6.  Opposite view from Photo 5 of Building 210 soil plume area.  Taken from 
Bay View Street, viewing northwest.  Monitoring well MW-4 was later constructed 
between TP-I and TP-P.  Ground water samples from both MW-4 and MW-5 exceeded 
ADEC water cleanup levels (Table C, 18 AAC 75) and water quality criteria (18 AAC 
70). 

TP-R 
TP-P 

TP-I 

TP-K TP-R 

MW-5 

TP-P 

TP-I



 
Photo 7.  Viewing northwest, with Institute Drive in the foreground.  Sample TP-X-3.5 
contained DRO at a concentration of 1,200 mg/kg. 
 

 
Photo 8.  Viewing southeast, with Institute Drive in the foreground.  Test pits TP-BB, 
TP-BB1, and TP-CC delineated the soil plume in the southern direction. 
 
 

TP-X 

TP-CC 

TP-BB 
TP-BB1 



 
Photo 9.  TP-DD, located at Building 209 (South Staff 
Residence), contained hydrocarbon concentrations below 
ADEC Method 2 cleanup levels.  The former location of the two 
primary 20,000-gallon ASTs is barely visible in the background, 
almost visible. 
 

 
Photo 10.  TP-HH is located at two primary 20,000-gallon 
ASTs.  A sample collected from the stained zone at 2 feet bgs 
contained 5,000 mg/kg DRO. 



 
Photo 11.  Looking north, towards the former location of the two 20,000-gallon  
ASTs as viewed from sample location PJ-1 (on the 3-inch supply pipeline). 
 
 

 
Photo 12.  Three-inch supply pipeline at sample location PJ-4.  
The hand auger is placed at T-junction to 2-inch supply pipeline.  



 
Photo 13.  CDI stockpile, located approximately ¼ mile north of the Institute. 
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Appendix C
Test Pit and Monitoring Well Lithology and Select Analytical Data

Wrangell Institute

Depth
TPH, 

USEPA 
9074

PID DRO, 
AK102

(feet 
bgs) (ppm) (ppm) (mg/kg)

TP-A 0-3 -- -- -- GM, black, dry, rounded-subangular, no hc staining or odor
3-6 -- -- -- GM, less organics, dry, sewer pipe, 2-3-ft-wide FeO zone, no hc staining or odor
5 186 -- -- GM, dry, FeO, no hc staining or odor

6-9 -- -- -- GP, moist, discontinuous FeO, minor hc odor and stain
9 686 1 230 GP, moist, FeO, minor hc odor and stain
10 2,158 148 -- SP, medium-grained, saturated, hc staining and odor

TP-B 0-3 -- -- -- GW with moderate to high organic content, 2.2-ft-thick concrete pad at 3 ft bgs
3 507 -- 2.2 GW, adjacent to concrete pad, two 1-inch-thick lines (flexible and steel)

3-7 -- -- -- GW, black, rounded, saturated, one 5-inch pipe, one 1-inch pipe
7 217 -- -- GW, saturated (with sheen), underneath concrete pad

TP-C 0-2 -- -- -- soil with high organic content, black, dry
2-7 -- -- -- GW, with 10-inch corregated steel pipeline, black (MnO?) and FeO staining
3 32 -- 11 GW, moist, FeO, no hc staining or odor

7-13 -- -- -- GW, moist-wet, FeO, no hc staining or odor
11.5 34 -- -- 6-inch-thick SP, medium-grained, saturated

TP-D1 0-2 -- -- -- SP with organic material, abundant hc staining and odor
TP-D2 0-2 OR -- -- SP with organic material, abundant hc staining and odor

2-7 -- -- -- SP, moderate hc staining and odor, water seeping in at 7 feet bgs
7 139 -- 30 SP, moderate hc staining and odor, water seeping in at 7 feet bgs

TP-D3 0-3 -- -- -- SM, moist, moderate, discontinuous hc staining and odor
3 38 -- ND SM, moist, moderate, discontinuous hc staining and odor

TP-E 0-0.5 -- -- -- Soil with high organic content, black, saturated at surface, 6-inch steel pipe
0.5-4.5 -- -- -- GM, abundant Feo and black (MnO?) staining, no obvious hc staining or odor

3 -- 0 -- GM, abundant Feo and black (MnO?) staining, no obvious hc staining or odor
TP-F 0-0.5 -- -- -- Soil with high organic content, black, saturated at surface, 6-inch steel pipe

0.5-4.5 -- -- -- GM, abundant FeO and black (MnO?) staining, no hc staining or odor
3 -- 0 -- GM, abundant FeO and black (MnO?) staining, no hc staining or odor

TP-G1 0-6.5 -- -- -- GM, moist-wet, FeO, abundant hc staining and odor, 6-inch steel pipe
3 913 -- -- GM, moist-wet, FeO, abundant hc staining and odor

6.5 -- -- 450 GM, moist-wet, FeO, abundant hc staining and odor

ObservationsSample 
Location
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Appendix C
Test Pit and Monitoring Well Lithology and Select Analytical Data

Wrangell Institute

Depth
TPH, 

USEPA 
9074

PID DRO, 
AK102

(feet 
bgs) (ppm) (ppm) (mg/kg)

ObservationsSample 
Location

TP-G2 0-3 -- -- -- GM, moist-wet, FeO, minor hc staining and odor, abundant 2-inch steel pipe
3 3 -- ND GM, moist-wet, FeO, minor hc staining and odor

TP-G3 0-3 -- -- -- SP with organic material, trace hc staining and odor
3 28 -- -- SP with organic material, trace hc staining and odor

TP-H 0-4 -- -- -- GP with SM lens at 2-4 feet bgs at eastern end of trench (TP-H2)
TP-H1 4 -- 0.9 44 GP, minor hc stain, saturated with slight sheen
TP-H2 4 -- 0 -- SM, dry to moist, no hc stain or odor
TP-I 0-2 -- -- -- Soil with high organic content, black, two 6-inch sewer(?) pipes

2-8 -- -- -- GM, grey staining, strong hc odor, saturated with sheen at 8 feet bgs
2.5 -- -- -- GM, top of grey staining, strong hc odor
8 -- -- 2,800 GM, grey staining, hc odor, saturated with sheen 

TP-J 0-3 -- -- -- Abundant underground pipelines 0' to 3' bgs
TP-K 0-1 -- -- -- Soil with high organic content, black, moist

1-9.5 -- -- -- GM, moist, no hc staining, no odor
3 -- 1 -- GM, moist, no hc staining, no odor
10 -- 0.3 -- SP, grey (natural color), no odor, saturated

TP-L 0-1 -- -- -- Soil with high organic content, black, moist
1-5 -- -- -- GM, moderate hc staining and odor, abundant FeO
3 -- 6.8 -- GM, moderate hc staining and odor, abundant FeO
5 -- 131 -- GM, moderate hc staining and odor, saturated

TP-M 0-0.5 -- -- -- Soil with high organic content, black, dry
0.5-12 -- -- -- GM-SM, with FeO, no hc odor, dry

3 -- 1.0 -- GM-SM, with FeO, no hc odor, dry
7 -- 1.0 -- GM-SM, with FeO, no hc odor, dry
12 -- 0.3 -- GM-SM, with FeO, no hc odor, trace water

TP-N 0-0.5 -- -- -- Soil with high organic content, black, dry
0.5-10.5 GM-SM, with FeO, no hc odor, dry

10.5 -- -- -- GM-SM, with FeO, no hc odor, trace water
TP-O1 0-0.5 -- -- -- Soil with high organic content, black, dry

1-4.5 -- -- -- GM-GP 1'-4.5' bgs, no hc staining or odor
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Appendix C
Test Pit and Monitoring Well Lithology and Select Analytical Data

Wrangell Institute

Depth
TPH, 

USEPA 
9074

PID DRO, 
AK102

(feet 
bgs) (ppm) (ppm) (mg/kg)

ObservationsSample 
Location

TP-O1 4.5-5.5 -- -- -- SP 4.5'-5.5' bgs, no hc staining or odor
TP-O2 3 32 -- -- GP, within 5' of pipeline
TP-O3 6 OR -- -- GP with hc odor
TP-P 0-3 -- -- -- GM with FeO, no hc stain or odor, dry-moist

3-6 -- -- -- GM, strong hc staining and odor, FeO, moist
6 -- -- 6,300 GM, FeO, strong hc staining and odor, water at 6.5' bgs

TP-Q 0-0.5 -- -- -- Soil with high organic content, black, dry
0.5-9.5 -- -- -- GM, no organic material, moist, no staining

6 TE -- ND GM, no organic material, moist, no staining
9.5 -- 39 -- GM, saturated 

TP-R 0-9 -- -- -- GM, no hc odor or staining
6 -- -- ND GM, no hc odor or staining

9.5 -- -- 930 GM, saturated, hc odor
TP-S 0-0.5 -- -- -- Soil with high organic content, black, dry

0.5-6 -- -- -- GM, minor FeO, moist, no hc staining
6 -- -- -- GM, moist to wet, minor FeO, minor hc odor(?)

6-8 -- -- -- GM, moist to wet, minor FeO, minor hc odor(?)
TP-T 0-3.5 -- -- -- GM, with organic material, moderate to strong hc odor

1 4,180 -- 2,000 GM, with organic material, strong hc odor
3 6 -- -- GM, with organic material, moderate hc odor
4 -- -- -- ML, blue-grey, no hc staining or odor

TP-U 0-2 -- -- -- Soil with high organic content, black, moist
2 1 -- -- ML, blue-grey, no hc staining or odor

TP-V 0-4 -- -- -- GM-SM, moist, no hc staining or odor
4 13 -- -- GM-SM, moist, no hc staining or odor

4-6 -- -- -- SM, moist-wet, saturated at 5-6 feet bgs, no hc staining or odor
6-7 -- -- -- SM grading to blue-grey ML

TP-X 0-2 -- -- -- GM with organic material
2-4 -- -- -- SM grading to ML blue-grey, hc odor
3.5 2,560 -- 1,200 SM grading to ML blue-grey, hc odor
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Appendix C
Test Pit and Monitoring Well Lithology and Select Analytical Data

Wrangell Institute

Depth
TPH, 

USEPA 
9074

PID DRO, 
AK102

(feet 
bgs) (ppm) (ppm) (mg/kg)

ObservationsSample 
Location

TP-X1 2-7 -- -- -- GM, moist, hc odor
3 643 -- -- GM, moist, hc odor
7 8 -- -- ML, no odor

TP-Y 0-5 -- -- -- GM, with organic material, moist, no hc odor or staining
3 -- -- ND GM, with organic material, moist, no hc odor or staining

5-6 -- -- -- SM, grey, moist, no hc staining or odor
6 -- -- -- SM transitions to black clay/silt

TP-Z 0-4 -- -- -- GM with organic material, moist, no hc staining or odor
4-5.5 -- -- -- SP-SM-GM lenses, fine-medium grained sand, no hc odor or staining

5 -- -- ND SP, fine-medium grained, no hc odor or staining
5.5-6.5 -- -- -- SP, fine-medium grained, no hc odor or staining

TP-AA 0-2 -- -- -- Soil with organic material, dry to moist, no hc staining or odor
2-6 -- -- -- SP, fine-medium grained, no hc odor or staining
5 -- -- ND SP, fine-medium grained, no hc odor or staining

TP-BB 0-1.5 -- -- -- Soil with organic material and roots, dry, no hc staining or odor
1.5 31 -- -- GM-GP, moist, no hc odor

1.5-2.5 -- -- -- GM-GP, moist, no hc odor
2.5-4.5 -- -- -- GM-GP, moist, moderate hc odor

4.5 578 -- -- GM-GP, moist, moderate hc odor
5 -- -- -- ML, blue-grey, no hc staining or odor

TP-BB1 0-1 -- -- -- Soil with organic material and roots, dry, no hc staining or odor
1-5 -- -- -- GM-GP, moist, no hc staining or odor
1 10 -- -- GM-GP, moist, no hc staining or odor

4.5 9 -- -- GM-GP, moist, no hc staining or odor
5 -- -- -- ML, blue-grey, no hc staining or odor

TP-CC 0-4.5 -- -- -- GM-GP, moist, no hc staining or odor
1 15 -- -- GM-GP, moist, no hc staining or odor

4.5-7 -- -- -- ML-SM, moist, no hc staining or odor
6.5 6 -- -- ML-SM, moist, no hc staining or odor

TP-DD 0-4.5 -- -- -- GM, with organic material, moist, no hc staining or odor
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Appendix C
Test Pit and Monitoring Well Lithology and Select Analytical Data

Wrangell Institute

Depth
TPH, 

USEPA 
9074

PID DRO, 
AK102

(feet 
bgs) (ppm) (ppm) (mg/kg)

ObservationsSample 
Location

TP-DD 4 -- -- 7.0 GM, with organic material, moist, no hc staining or odor
5 -- -- 9.5 SM-ML, dry, discontinuous hc odor

TP-EE 0-3 -- -- -- GM, moderate organics, moist, no hc staining and odor, two 1-inch fuel lines 
3 -- -- 1,600 GM, moderate organics, moist to wet, hc staining and odor

3-7 -- -- -- GM, moderate organics, moist to wet, hc staining and odor
7 -- -- 95 GM, moderate organics, moist to wet, minor hc staining and odor

7.5 -- -- -- ML, dry, no hc staining or odor
TP-FF 0-2 -- -- -- GM, saturated, 1-inch fuel line at 2 feet bgs

2-6 -- -- -- GM, black staining with hc odor, saturated
3 536 -- -- GM, black staining with minimum hc odor, saturated
6 -- -- 2,200 GM, black staining with strong hc odor, saturated
7 0 -- -- ML

TP-GG 0-5 -- -- -- GM, moist, no hc odor or staining
3 62 -- -- GM, moist, no hc odor or staining

TP-HH 0-3 -- -- -- GW, moderate organic material, saturated with sheen
2 -- -- 5,000 GW, moderate organic material, saturated with sheen
3 -- -- -- ML, blue-grey, dry, no hc staining or odor

TP-II 0-2 -- -- -- GW, moderate organic material, no hc odor or staining
2 22 -- -- GW, moderate organic material, no hc odor or staining
3 -- -- -- ML, blue-grey, dry, no hc staining or odor

TP-JJ -- -- -- ML at 1' bgs
TP-KK 0-5.5 -- -- -- GM, moist, no hc staining or odor

5.5 0 -- 11 SM, moist, no hc staining or odor
6 -- -- -- ML, blue-grey, dry, no hc staining or odor

TP-LL 0-5 -- -- -- GM, with black staining, moist
5 6,740 -- 1,800 GM, with black staining, moist

TP-MM 0-4 -- -- -- Backfilled construction debris, saturated
TP-NN 0-4 -- -- -- GM, dry-moist, no hc odor

1.5 148 -- -- GM, dry-moist, no hc odor
4 381 -- -- GM, dry-moist, no hc odor
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Appendix C
Test Pit and Monitoring Well Lithology and Select Analytical Data

Wrangell Institute

Depth
TPH, 

USEPA 
9074

PID DRO, 
AK102

(feet 
bgs) (ppm) (ppm) (mg/kg)

ObservationsSample 
Location

TP-NN 4.5 -- -- -- ML, blue-grey, dry, no hc staining or odor
TP-OO 0-2.5 -- -- -- GW, hc staining and odor

1 1,091 -- -- GW, hc staining and odor
3 4 -- -- GW, underlain by ML

TP-PP 0-1.5 -- -- -- GW, hc odor and staining
1 4,650 -- 4,800 GW, hc odor and staining

1.5-5.5 -- -- -- GM-ML, brown, no odor
3 473 -- -- GM-ML, brown, no odor

5.5 -- -- -- ML, blue-grey, dry, no hc staining or odor
TP-QQ 0-6 -- -- -- GW, black, minor construction debris, dry-moist

3 278 -- -- GW, black, minor construction debris, dry-moist
6-13 -- -- -- SP, grey, natural color(?), moist, minor/inconsistant hc odor
8.5 150 -- -- SP, fine-med grained, strong hc odor

TP-RR 0-7 -- -- -- SP, fine-med grained, no hc staining or odor
7 -- 0 -- SP, fine-med grained, no hc staining or odor

MW-1 0-5 -- -- -- GW, black, dry, no hc staining or odor
5-7 -- -- -- GW, black, moist, no hc staining or odor

7-10.5 -- -- -- GW, black, saturated, no hc staining or odor
MW-2 0-9.5 -- -- -- GM, moist, moderate silt and organic content, strong organic odor

9.5-13 -- -- -- GM, saturated with sheen, strong organic odor
MW-3 0-3 -- -- -- GM, moderate organic materials, moist

3 -- -- ND GM, moderate organic materials, FeO layer with gray staining underneath, moist
3.5-6.5 GM, moderate organic materials, saturated

MW-4 0-2 -- -- -- GM, highly organic, moderate-discontinuous hc staining and odor
2-8.5 -- -- -- GW, moist, pervasive hc staining and odor
8.5-12 -- -- -- GW, saturated, pervasive hc staining and odor

MW-5 0-9.5 -- -- -- GW, no organic materials, dry, 6-inch thick FeO zone at 5 feet bgs
9.5-13 -- -- -- GW, no organic materials, saturated, water coming in fast

MW-6 0-7 -- -- -- GM, moist, no hc staining or odor
7-8.5 -- -- -- GM, saturated with sheen
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Appendix C
Test Pit and Monitoring Well Lithology and Select Analytical Data

Wrangell Institute

Depth
TPH, 

USEPA 
9074

PID DRO, 
AK102

(feet 
bgs) (ppm) (ppm) (mg/kg)

ObservationsSample 
Location

MW-7 0-4 -- -- -- GW, black, dry, minor road fill material
4-8 -- -- -- SP, minor-strong hc odor
4 994 -- -- SP, minor hc odor
7 4,390 -- -- SP, strong hc odor

MW-8 0-8.5 -- -- -- GW, black, dry-moist, no hc staining or odor
8.5-10.5 -- -- -- SP, coarse, well-rounded sand, no fines, minor pea gravel, no hc staining or odor

MW-9 0-3 -- -- -- GM, red, abundant organic matertial, no hc staining or odor
3-9 -- -- -- SP, fine-medium grained, grey, moist, no hc odor or staining

NA NA 100*

NA NA 230

Notes:
Bold numbers exceed ADEC Method 2 DRO soil cleanup level
--  not analyzed

bgs - below ground surface
DRO - diesel range organics
FeO - iron-oxide staining zone
hc - hydrocarbon
mg/kg - milligrams per kilogram
NA - not applicable
ND - not detected
OR - TPH, USEPA 9074 (PetroFlag) sample over-range 
PID - photoionization detector 
ppm - parts per million
TE - TPH, USEPA 9074 (PetroFlag) temperature error

* Petroleum hydrocarbon soil cleanup levels in non arctic zones are calculated by parameters specified in the 18 AAC 75.340.

ADEC Method 2 
Cleanup Levels

ADEC Method 1 
Cleanup Levels
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